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COTTON FABRIC IN BITUMINOUS 


CONSTRUCTION 


Reported by PAUL F. CRITZ, Senior Highway Engineer, Public Roads Administration 


HIS REPORT deseribes 

an investigation of the 
use of cotton fabric in bitu- 
minous highway construc- 
tion and maintenance made 
cooperatively by a number 
of State highway depart- 
ments and the Publie Roads 
Administration. The inves- 
tigation was prompted by 
the desire to improve the 
serviceability of low-cost 
bituminous surfaced roads 
by reducing costs, eliminat- 
ing failures, and retarding 
deterioration. If the cotton 





In the search for new markets for surpluses of 
cotton that accumulated some years ago, considerable 
interest was evinced regarding the feasibility of using 
cotton fabric in low-cost bituminous road surfacing. 
Opinions were advanced that use of the fabric might 
permit more economical construction and could result 
in more durable roads. 

Scattered early road-building experiments with 
cotton fabric were uncontrolled and therefore incon- 
clusive. Laboratory tests indicated that the material 
might be of some benefit, but the extent was unde- 
termined. Beginning in 1936, extensive field tests 
were undertaken in the use of cotton fabric in bitumi- 
nous surfacing, and 400 miles of experimental roads 
were built in 24 States. Investigation of this work, 
which in many cases was carefully controlled, revealed 
that the use of cotton fabric materially increased the 
cost of construction but generally produced no impor- 
tant benefits. 

This article is published to make available a record 
of the details of these experiments and of the conclu- 


early experiments were 
those normally used by the 
particular State in the ordi- 
nary type of surface treat- 
ment. The use of the fabric 
had no appreciable effect 
upon the method of con- 
struction and none upon the 
appearance of the finished 
road surface. Only by 
markers placed for the pur- 
pose could the fabric sections 
be located after construction 
was completed. 

These early experiments 
with cotton fabrie in bitu- 





fabric proved beneficial and 
economic in the reinforee- 
ment of bituminous | sur- 


sions drawn from them. 





minous construction showed 
some promise but, because 
of the variable conditions 








faced roads, not only would 
improvement in service be obtained but an additional 
practical use would be found for a commodity of con- 
siderable importance to many States. 

These objectives prompted early experimenting with 
cotton fabric in some of the Southern States. In 1926 
an experiment was begun in South Carolina with 
fabric as a reinforcement for the bituminous surface 
treatments being constructed at that time and, by 1935, 
a number of experimental roads had been built which 
are described in some detail elsewhere.! Similar 
experimental roads were built in 1929 near Gonzales, 
Texas,’ and in 1932 in Georgia ? and Louisiana.* 

The method of constructing these roads was similar 
in general to that used on many of the later experi- 
mental roads comprising the more extensive investiga- 
tion deseribed in this report. The road on which 
cotton fabric was to be used with a bituminous surface 
reatment was first cleaned of loose or foreign material 
and given a priming treatment of a bituminous material 
such as liquid asphalt, tar, or emulsion. Sometimes 
the cotton fabric was placed immediately after this 
application and sometimes it was placed after the prim- 
ing material had penetrated into the nonbituminous 
base material and had dried. 

The cotton fabric used was a fairly open, loosely 
woven cloth. Only a single thickness of cloth was 
used. In some cases a continuous strip of fabric was 
placed along each edge of the road and in others the 
full width of road being treated was covered with the 
fabric, using as many strips as necessary. 

following the placing of the fabric, alternate appli- 
calions of bituminous materials and aggregate were 
spread and smoothed and the surface was then rolled. 
rhe types and quantities of materials used in these 

' Cotton-Fabric-Reinforced Roads by W. K. Beckham and W. H. Mills. EF) 
finer ing News-Record, October 3, 1935, page 453. 
*( stton Fabrice for Reinforcing Bituminous Surfaces on Highways, Highway 
Research Abstracts, No. 32, July 1936, p. 4. 


Cotton Cloth Used to Waterproof Road Surface by Arno'd Davis. Engineering 
Record, August 18, 1932, page 194. 
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under which the roads were 
built or resurfaced and the numerous types of fabric 
used, they did not offer a satisfactory basis for definite 
conclusions either as to the merits or limitations of 
cotton fabric or to the type of fabric best suited to the 
purpose. Data were not available to show whether the 
behavior of the experimental roads was due to the 
presence of the fabric or to other factors that have 
important effects on the behavior of bituminous-treated 
roads. Lack of information regarding the cost of 
construction and maintenance of these experimental 
roads made it impossible to determine whether apparent 
benefits were commensurate with the cost. 
LABORATORY TESTS SHOWED FABRIC OF LITTLE VALUE 

To provide desirable information on the merits and 
limitations of cotton fabric as a reinforcement for thin 
bituminous surfaces the Public Roads Administration 
conducted a laboratory investigation at the Arlington 
Experiment Farm in 1935. 

This investigation included physical tests of bitu- 
minous mixtures with and without fabric and a service 
test of fabric in a normal bituminous surface treat- 
ment of the type for which the fabric was believed 
to be most practical. The physical tests of bituminous 
mixtures reinforced with and without fabrie showed that 
the fabric neither added tensile strength to the mixtures 
nor reduced the tendency of the mixtures to crack under 
load. The behavior of the mixtures under test was 
practically the same whether or not fabric was used. 

The service test was designed to simulate actual 
service conditions and was conducted on the indoor 
circular track which has been described in detail in 
Pusiic Roaps.* The track was a circular trough 
12 feet in diameter, 12% inches deep, and 18 inches wide. 
A narrow inner trough served as a reservoir through 
which water could be introduced into the base and held 
at any desired level. 


* Circular Track Tests on Low-Cost Bituminous Mixtures, by C, A. Carpenter 


and J. F. Goode, PUBLIC ROADS, vol. 17, no. 4, June 1936. 
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SQUARE YARD OF Roap SuRFACE F. O. B. DESTINATION, 

Two automobile wheels, equipped with 6.00 by 20 low 
pressure tires inflated to 35 pounds pressure and 
mounted on the ends of a centrally pivoted steel beam, 
were used for compacting the base and surface courses 
and for testing the wearing surface. The entire weight 
of the wheel and beam assembly, which was carried 
by the test surface, was 1,600 pounds or 800 pounds 
per wheel. This test load was later increased to 1,000 
pounds per wheel. 

A bituminous surface treatment with a supporting 
base of sand-clay-gravel was selected for the test. 
Two classes of base were used: One was composed of 
materials that met the requirements for satisfactory 
base-course materials; the other was composed of 
materials definitely inferior in quality. On each of 
these bases, two sections of bituminous surface treat- 
ment were constructed which were identical except 
that one section contained cotton fabric and the other 
did not. 

The sand-clay-gravel bases were thoroughly com- 
pacted and then primed with one-fourth gallon of 
tar per square yard. The fabric used in the two rein- 
forced sections was placed in the tar prime while it 
was still wet. 
hot tar per square vard was spread on the surface, 
covered ) 


with 35 pounds per square yard of crushed 
limestone and 


then lightly rolled. Following this 
operation 0.3 gallon of hot tar per square yard was 
spread and covered with 10'; pounds of *-inch crushed 
limestone and 4's pounds of coarse sand. Thorough 
rolling completed the surface treatment. 

The test consisted of subjecting the surface to traffic 
simulated by the automobile wheels. No apparent 
change occurred in the surface until water was admitted 
to the base course, after which failures began to develop. 
Testing continued until practical destruction of the 
surfaces had occurred. The results of this test may 
be summarized briefly as follows: 

1. On the satisfactory base there was no significant 
difference between the section that contained fabric 
and the one that did not. 

2. On the base of inferior quality the section con- 
taining fabric remained in a satisfactory condition 
under traffic for a period approximately 25 percent 
longer than the section without fabric. 

3. The test indicated that the fabric might be of 
some value under certain conditions but the extent of 
benefit could not be determined from this test. 
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At the conclusion of the test run, mat samples were 
removed from the sections laid on both types of bases 
and the fabric contained in them was recovered. In 
both instances the fabric had been nearly destroyed. 


SEARCH FOR NEW USES OF COTTON AN INCENTIVE TO FURTHER 


EXPERIMENT 

Because of the great surplus of cotton that had 
accumulated, Congress in 1936 authorized the Depart- 
ment of Agriculture to purchase large quantities of 
cotton for the purpose of promoting and encouraging its 
use in new fields. Considerable interest developed 
regarding the feasibility of using cotton fabrie in 
low-cost types of bituminous construction. Opinions 
were advanced that fabric would act as a reinforcement 
for holding intact the edges which are the weakest 
points in thin bituminous surfaces; that the fabric, 
when impregnated with tar or asphalt, would serve as 
« membrane which would waterproof the road base 
and thereby lessen or eliminate the destructive effects 
of moisture; that less expensive base construction 
would be required; and that a practical use could be 
made of certain grades of cotton staple for which the 
demand was not great. 

It was believed that by using some of this cotton in 
highway construction under a variety of known 
conditions, sufficient data might be accumulated to 
provide definite information as to its value and limita- 
tions. Accordingly, the Department of Agriculture, 
after preliminary laboratory study and experimenting, 
prepared specifications for three types of fabric believed 
suitable for an experimental program. These specifica- 
tions are given in the appendix (page 274). The fabries 
produced under them are shown in figure 1. 

The fabric was furnished without charge by the 
Department to the State highway departments on the 
condition that it be used in highways constructed in an 
approved manner and that reasonable care be taken in 
obtaining data on the service behavior and cost of 
maintaining the roads in which it was used so that 
evaluation might be made of the benefits derived. 

EXTENSIVE FIELD TESTS WERE UNDERTAKEN 

Twenty-four States requested approximately 6,000,- 
000 square yards of fabric; enough to surface more 
than 500 miles of 20-foot roadway. Although ‘he 
original specifications provided for three widihs of 
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TaBLE 1.—Extent of experimental use of cotton fabric 


Lengths of road in which fabric 


. > repe d used ; 
Fabric reported ust reinforcement was used 


Sections 
reported -—- ——- ies = ee ee ee 
Type B Total 


Square yard | Number | Square yard, Square yard, Squar Miles Miles Miles Miles 
Alabama. : 1, 250, 650 | 18 361, 013 367, 318 327 1, 056, 2 30. 02 30. 54 27.27 87. 8: 
Arizona - . sata 115, 473 | 23 1, 993 a 3, THE 2 — 15 
Arkansas. - : 22, 996 | 2 30, 189 31, 958 30, 92, 33 2. 51 2. 66 2. 51 
California ee 66, 000 5, 312 3, 593 12, 31, 7$ . 40 30 9S 
Florida ; 3 54, 118 17, 402 7,720 7, 75: 52, 87 1. 45 : 1. 47 
Georgia-__- = 144, 321 36, 079 36, 732 36, 075 3.00 3.05 3. 00 
Indiana- ---- : 113, 957 37, 986 37, 986 37, 95 3. 50 3. § 3. 50 
Maince..--- 3 nee 18, 186 6, 050 5, 626 5, 7, 485 a . 46 48 
Massachusetts-_- : 43, 412 | 15, 990 5, 340 , DDS , S&S 7 : 97 
Michigan_- 5 : $47, 975 117, 413 20, 275 715 S51, } 8. § 9. . 62 
Mississippi a 109, 330 11, 042 3, 889 
Missouri 5 Er : 257, 400 87, 033 76, 970 79, 672 243, 675 i. 5. 8 >. 03 
Montana ne 39, 600 13, 200 3, 200 3! 
Nevada ’ ane, 66, 116 13, 200 : 
New Hampshire : aoe 21, 706 | 7,017 
New Jersey ae aoe 102, 497 | 31, 949 
New York _ <= = 2s 842, 097 217, 405 
North Carolina enue , 115, 178 | 314, 563 
Oregon : : nae 36, 166 11, 518 
Rhode Island : ote : 125, 096 2, 676 
South Carolina ieocieas 669, 951 210, 611 
Tennessee g j CAE 72, 089 13, 844 
Virginia _-- 3 ° ; ere 89, 482 24, 038 } 
Washington 117, 006 30, 078 25, 16 25, 52 80, 767 


Fabric 
supplied 
Type . 


rype C Type A Type B | Type C | 


wwe a 
ee | 
he ie ti 


wow 
Pm WNW PN: 
te ‘ 


On mt mt et OD OD 
ye, _ 
_ HRS 


aie 
, NII ores c 


Total 6, 040, 802 4139 1, 617, 601 i; 
* 


862, O19 








type were uscd. 


n re ported 


! When amounts of each type used were not specifically stated, it was assumed that equal amounts of eacl 
? Types and amounts not given for two sections 3 Includes one road section only. No other informatic 
4 Two types of construction were employed on each of two sections. 


character of 


material, the fabric was actually furnished in widths 
ranging from 56 to 90 inches, depending upon the 
width of the road to be surfaced. In order to provide 
information on the type of fabric best suited for the 
purpose, each width was furnished in approximately 
equal quantities of the three weights and weaves. Type 
A weighed 5.30 ounces per square yard and had a thread 
count of 12 per inch in each direction. Type B 
weighed 4.25 ounces per square yard and had a thread 
count of 9 per inch. Type C weighed 3.20 ounces and 
had a thread count of 7 per inch. 

Taking into account the overlapping of adjacent 
strips of fabric, the average cost per square yard of 
road surface of the three types of fabrie at the points of 
delivery was: Type A, 7.6 cents; tvpe B, 6.1 cents; and 
tvpe C, 4.6 cents. The average of the reported costs 
of handling on the job was 1.25 cents per square yard. 

Experimental sections were constructed in each of the 
24 States that requested fabric and approximately 80 
percent of the fabrie furnished was reported as having 
been placed in service. The amount of fabric furnished, 
the number of sections constructed, and the amount of 
fabric used therein are shown for each State in table 1. 
The types of construction used were as follows: 


Number of 
Type of construction sections reported 
Surface treatment 
Plant mix 
Road mix__ ; 
Seal treatment on road mix 
Surfacing wooden bridge floors 
Bituminous shoulder treatment 
Base reinforcement _ - 


Total 


USE OF FABRIC DID NOT COMPLICATE CONSTRUCTION 


ractically all types of low-cost bituminous construc- 
tion and re-treatments are represented by these experi- 
menial sections, which were built in all parts of the 
country. Variations in temperature and moisture con- 
diticns likely to be found in any State are believed to 


be represented. The types of soil and 
bases upon which the experimental surfaces were built, 
as well as the types of bituminous materials and 
aggregates used, also include many kinds, so that in 
general any set of conditions normally encountered in 
this country was represented in the’ experiments. 

The use of fabrie did not involve any serious con- 
struction difficulties despite the fact that in practically 
all instances contractors, maintenance crews, and engi- 
neers alike were without experience in its use in bitu- 
minous construction and there was little information 
available to guide them. Many questions were raised 
relative to the procedure best suited to insure success 
of the experiments. Chief among these were: The 
allowance to be made for absorption of bitumen by 
the fabric; the relative merits of asphalt and tar for 
impregnating the fabric; the time of placing the fabric, 
that is, in the fresh prime or after the priming applica- 
tion had dried; satisfactory methods of holding the 
fabric in place; and protection of the fabric in place 
during subsequent construction operations. Since spe- 
cific information on these matters was not available, 
the rules of common sense based upon general con- 
struction experience were followed. 

Allowance for absorption varied from practically 
none to 0.05 gallon of material per square yard, depend- 
ing upon the weight of the fabric. Both tar and 
asphalt were used as priming materials. Fabric was 
placed in the fresh prime on many experimental sec- 
tions and on the dried primed base on many others. 
Various methods of holding the fabric in place were 
reported to have been used. When the fabric was 
placed in the wet prime it was sometimes fastened and 
sometimes it was Fastening devices included 
roofing nails and common fence staples, and were 
spaced at intervals ranging from 3 feet to 50 feet. 
They were placed only on the outside edges of the outer 
strips in some instances and in other instances both 
edges of all strips were fastened. When laid on the 
dried primed base, some type of fastener had to be 


not. 
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FIGURE 2. 


LayinG Corron Fasric Wirn a Truck-MounTeD 
REEL. 

used to prevent displacement of the fabric by the wind. 

Methocs reported included use of roofing nails, staples, 

and small amounts of bituminous material spotted at 

intervals along the edges. In some instances small 


»mounts of sand or fine stone or of bituminous mixture | 


were spread on the fabrie prior to surfacing operations 
but in most instances the fabric was not covered except 
by the normal operation that followed. 

The wide range in reported costs of bandling and 
placing the fabric includes actual costs accurately kept 
in some instances as well as contractors’ bid prices. 
Having no experience as a guide to bidding on such 
items the contractors naturally set prices that could be 
expected to insure no loss on that item. However, on 
one of four special cooperative experimental sections 
where the work was done by State forces all items 
chargeable to actual handling and laying of the fabric 
totaled 0.16 cents per square yard. This particular 
road was built in a State where considerable early 
experimenting had been done and where some general 
information was available. 


FABRIC USFD IN NEW CONSTRUCTION AND IN RESURFACING 


Fabric was used both in new construction and in the 
re-treatment, or resurfacing, of old bituminous surfaces. 
In new construction, where a wearing surface was laid 
on a nonbituminous base composed of such materials 
as topsoil, sand-clay, clay-gravel, stone, or chert, the 
base was first primed with a liquid bituminous material 
such as tar or asphalt. The fabric was then placed on 
the primed base and the bituminous surface constructed 
in the usual manner. 

Where the bituminous surface mat was to be con- 
structed of plant-mixed material, the fabric was gen- 
erally given a tack coat of liquid bituminous material 
prior to placing the surface mixture. Where the surface 
mat was to be constructed by making alternate appli- 
cations of bituminous material and aggregates, the fabric 
was impregnated by the first application of bitumen. 

In re-treatment work where a new surface was being 
built on an old bituminous surface, the fabrie was laid 


directly on the old surface and then given a tack coat of | 


bituminous material, after which the new surface was 
constructed in the usual manner. 
The fabric, which came in rolls, was rolled out over 


the surface in a longitudinal direction with adjoining | 


strips overlapping 2 or 3 inches. Three or more strips 
‘were ordinarily used, the number depending upon the 
width of the surface, the width of the fabric used, and 
whether full width or half width construction was em- 
ployed. After placing, the fabric was smoothed to 
remove wrinkles. 
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Placing of the fabric was done in various ways, 
Sometimes the rolls were laid on the base and ro!ied 
forward by hand. Sometimes they were suspend ed 
from the rear end of a truck and the fabric unrol'od 

| as the truck moved forward. In another method ‘he 

| roll was suspended on a pipe carried by two men or 

| supported by a pair of wheels. The method used 
a particular job depended upon the men and equipment 
available and upon the preference of the engineec: 
charge. Two of the methods used are shown in the 
cover illustration and figure 2. 

On new construction, the fabric was sometimes }:id 
immediately after the prime application so that it would 


be impregnated with the priming material and would 
be held firmly in place as the latter dried and hardened. 


Sometimes it was laid after the priming material had 
penetrated and dried thoroughly and was then impreg- 
nated with the subsequent applications of bituminous 
material. Figure 3, A shows the fabric laid in the wet 
prime and figure 3, B shows the fabric laid on the dried 
primed base. In both instances the fabric was ready 
for the subsequent applications of bitumen and aggre- 
gate or plant-mixed material. 

Various methods were used to prevent displacement 
of fabric by the wheels of the distributors while spread- 
ing bituminous material. Sometimes a small amount 
of aggregate was spread first and sometimes the dis- 
tributor wheels were wiped with a mixture of kerosene 
and light lubricating oil. In many instances, however, 
satisfactory results were obtained simply by keeping 
the distributor wheels clean and dry. As long as the 
wheels did not come in contact with the bituminous 
materials being applied, no difficulty was encountered 
because of fabric being displaced. Figure 4, A shows 
the distributor wheels being oiled just prior to applying 
hot aspkalt on the impregnated fabric. Figure 4, B 





WET 
(B 


FiguRE 3.—Faspric WAs IMPREGNATED BY LaAyYING IT IN 
Prime (A) ok Was PLAcepD ON A Driep PRIMED Bas! 
Berore AppiyinGc Hor Birtmirnovs MATERIAL. 
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October—-Novembet 


shows the distributor applying the bot asphalt. On 
this section no special precautions were taken, except 
to keep the wheels clean, and no trouble was met. 


FOUR SPECIAL SECTIONS INCLUDED IN THE EXPERIMENT 


Among the many sections constructed with cotton 
fabric were four special experimental roads in which 
the Public Roads Administration actively cooperated 
with the State highway departments of Alabama, North 
Carolina, South Carolina, and Tennessee. In these 
special experiments the roads were constructed in 
accordance with the standard practice of the State in 
which built, but more information regarding them was 
obtained than is ordinarily deemed necessary in routine 
construction. An examination of the base and sub- 
grade materials was made prior to construction so that 
sections containing the different weights of fabric and 
one section without fabric could be constructed on bases 
having the same characteristics in order that a proper 
evaluation of future service behavior could be made. 
On each experimental road the bituminous construc- 
tion was the same for all sections except that a slightly 
ereater amount of bituminous material was used on the 
fabrie sections to compensate for the absorption of the 
bitumen by the fabric. 

Construction of the Alabama cooperative experi- 
mental road was completed in November 1936. About 
6 miles of road were reinforced with fabric. The 
bituminous mat was construeted by the double surface 
treatment method. The soil base was chert. On this 
road each of the three types of fabric was laid in two 
ways: (@) Immediately after the tar prime had been 
applied and (6) after the prime had dried and hardened. 
The bituminous binder was hot asphalt for the first 
application and rapid-curing cut-back asphalt for the 
seal coat applications. The cover was crushed slag. 

The North Carolina cooperative experimental road 
was completed in June 1937. It was 14!) miles long 
and contained approximately 8 miles of road reinforced 
with fabric. The base was composed of sand-clay 
mixtures that varied in plasticity... Construction was 
controlled to provide four groups of sections whose 
plasticity indexes were nonplastic to 4, 4 to 8, 6 to 10, 
and 12 to 16, respectively. In each group, sections 
were constructed with and without fabric. The bitu- 
minous construction was very similar to that employed 
on the Alabama experimental road except that the fabric 
was laid only after the primed base was dry. The cover 
aggregate was crushed stone. 

The South Carolina cooperative experimental road 
was completed in September 1937. It was 6.7 miles in 
length and contained approximately 3 miles of road 
reinforced with fabric. The base was topsoil and was 
very uniform in its soil characteristics except as to the 
grading of the topsoil particles. On this road, eight 
sections were constructed, four containing fabric and 
four without fabric. Bituminous construction was 
approximately the same as that used on the North 
Carolina experimental road except that the liquid 
bi'uminous materials used in the seal treatment were 
a rapid-curing cut-back asphalt on some sections and 
a uick-breaking asphaltic emulsion on others. 

‘he Tennessee experimental road was completed in 
August 1937. It was about 8 miles in length and con- 
tained approximately 3 miles of road reinforced with 
falric. The base on most of the road was cherty clay, 
Sta ilized under traffic with crushed stone. On one 
{ portion a waterbound macadam base was built. 


sh 
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MiGuRE 4.—(A) O1r_tine rHe DistrrpuToR WHEELS PREVENTED 
DISTURBING IMPREGNATED Fasric. PAPER Strries UNvéER 
THE WHEELS Kept O1L From Drippine. (B) APPLYING 


Hor AspHaLtt BinperR ON Faspric Laip oN Driep PRIMED 
Base. (C) Trucks IMMEDIATELY FOLLOWING THE DIsTRIB- 
UTOR BACKED UP AND SPREAD TYE COVER STONE UNIFORMLY. 


Two types of bituminous contruction were employed. 
One was the surface-treatment type similar to that used 
in the other three States, where the fabric was laid on 
the primed soil base. The other was the road-mix 
type in which the bitumen and aggregate were mixed 
on the road, leveled, and compacted by rolling. After 
a short period of time under traffic, a seal treatment was 
applied and on this part of the experimental road the 
fabric was laid on top of the road-mixed mat immedi- 
ately before applying the seal treatment. 

Three of these experimental roads were built by con- 
tract and one by State forces. The methods used in 
each were those required by the State standard specifi- 
cations and were essentially the same as those used 
throughout the country for similar types of contruction. 


METHOD OF PLACING SURFACE TREATMENT DESCRIBED 


The method of placing the surface treatment was very 
similar on all four experimental roads and was done 











256 





INSURED 
A Finer Broom 


H AND-BROOMING 
(B) 
SPREADING WuicH Was FoLLOWED BY MODERATE 


INITIAL 
COVERAGE. 


UNIFORM 
Drac Com- 


Figure 5.—-(A) 
AGGREGATE 
PLETED THE 
ROLLING. 


essentially as follows: After the fabric had been placed 
as previously described, hot bituminous material was 
applied directly on the fabric. 
this application, crushed stone or slag was spread from 
trucks provided with tail-gate spreaders, care being 
taken to keep the truck wheels always on the cover 
material. This operation is illustrated in figure 4, C. 
To insure uniform coverage, the trucks were all loaded 
uniformly either by using a strike-off board or by 
weighing each load, and each load was spread over a 
measured distance. When the cover material had been 
spread from the trucks it was lightly broomed by pee d 
and with a fiber broom drag as shown in figure 5, A and | 
B. When the cover had been spread uniformly so that 
no uncovered area or areas containing an excess of 
material remained, the surface was rolled and immedi- 
ately opened to traffic for a short period during which 
time hand-spotting, brooming, and rolling were con- 
tinued intermittently to insure seating all the cover. 

A seal coat was applied either immediately or after 
the treatment had been subjected to traffic for periods 
not exceeding 3 weeks. The seal coat consisted of 
two applications of a liquid bituminous material and 
one spread of ¥-inch maximum size aggregate. The 
total amount of liquid bituminous material used was 
approximately the same as that of the hot-application 
material but the fine aggregate used was about half the 
amount of the coarser aggregate used with the hot- 
application material. The fine aggregate was spread 
after the first application of liquid bitumen and with 
the same uniformity and care used with the coarser 
aggregate. It was either broomed or broomed and 
rolled before the second application of liquid bitumen 
was made, depending upon whether the seal stone was 
to be penetrated by the application or mixed with it. 
Sealing in this manner adds practically no thickness 


PUBLIC ROADS 





Immediately following | 


| 
| 
| 


| 





A TyYpIcAL SURFACE AFTER 20 Days or TRAFFIC 


FIGuRE 6.—(A) 
Prion TO SEAL Coat APPLICATION. 
SurFACE TREATMENT. UsE OF FABRIC 
Hap No Errect oN THEIR APPEARANCE. 


(B) A Wetui-SEALED 
IN THESE SURFACES 


to the mat, as the small particles fill the interstices in 
the coarser stone. The small stones also reduce the 
rough texture of the surface and give it a pleasing 
appearance. Because of the relative richness of the 
bituminous material, the seal coat provides a water- 
proof surface. The presence of fabric in this type of 
construction influences neither the type of seal coat 
used nor the methods of constructing it. Figure 6, A 
is a typical view of a completed surface before the seal 
treatment was applied and figure 6, B is a typical view 
of a well-sealed surface. 


SPECIAL EXPERIMENTAL ROADS WERE INSPECTED IN DETAIL 


A detailed inspection of these four special experi- 
mental roads was made in October 1938 by the author. 
On three of them, samples of the bituminous mats 
were taken and the fabric was recovered for examina- 
tion. In all, 14 samples were taken, 2 of which were 
cut from areas where softening of the soil base had 
caused the bituminous mat to settle and crack. The 
remaining 12 samples were taken from areas that were 
in excellent condition and that had neither required 
nor received any maintenance since construction. No 
evidence of movement of the base or of the surface 
was apparent in the good areas 

Without exception the fabric in the samples taken 
was in an unsatisfactory condition and in many in- 
stances it was practically destroyed. On these sections 
it not only had not prevented failures caused by 
inferior base material but it did not remain in good 
condition even where base and surface failures had not 
occurred. Figure 7, A shows the only unsatisfactory 
area on one of the cooperative experimental roads so! me 


18 months after construction. The type A fabr 
removed from this area is shown in figure 7, B and as 
might be expected its condition was very poor. Figure 


7 C is a general view of a section of another «0- 
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FIGURE 7.- 
Roan. 
MATERIAL RECOVERED WAS IN Poor ConpDiITION. 


ADJOINED THAT SHOWN IN (C). 


operative experimental road which was in excellent 
condition throughout its length 1 year after construc- 
tion. The type B fabric removed from the area shown 
was not in good condition as is shown by figure 7, D. 
Similarly, figure 7, E shows a nearby area in excellent 
condition but the type C fabric removed from it was 
practically destroyed as shown by figure 7, F. 


MANY OTHER FABRIC-REINFORCED ROADS WERE EXAMINED 


In addition to these four cooperative experimental 
roacs 80 other sections containing cotton fabric were 


(A) FatLureE oF THIS Roap DveE To a Poor Bask Was Not PREVENTED BY THE USE oF Type A Fapric. 
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inspected by the author in the fall of 1938 and the 
spring and summer of 1939. These sections were 
located in 16 States and contained more than 225 miles 
of road reinforced with fabric. The fabric was used in 
new construction and in the re-treatment of old bitu- 
minous surfaces. In both cases the new mat was 
constructed either by the surface-treatment method, 
the road-mix method, or by using plant-mixed material. 

The use of the surface-treatrent method, since it 
involved no manipulation other than light brooming 
and rolling, presented no special difficulty or change in 
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FIGURE &. 


Wuere Fapric WAs Usep IN THE RE-TREATMENT OF 
AN OLp Surrace, THE New Mar Sometimes Suiprep Lart- 


ERALLY. MoOvEMENT, AS SHOWN BY THE CENTER STRIPE, 
Was GREATER IN THE SURFACE C'ONTAINING Tyre A Fasric 
(A) AND Was Less IN THE SURFACE CONTAINING Type C Fas- 
ric (B). No Surpreace OccurrED WHERE FABRIC Was Not 
Usep (C), 


method of operation on sections that contained fabric. 

Road mixing might not appear practicable where 
fabric was being used but one State found this method 
to be very satisfactory in re-treatment work provided 
sand was spread on the fabric immediately after it had 
received an application of bitumen. Additional aggre- 
gate and bitumen were then spread and road mixed. 
The thin blanket of impregnated sand provided a pro- 
tective cover for the fabric during the mixing operation 
which, however, had to be carried on rather carefully. 
It was anticipated that any sand not held by the initial 
application of bitumen either would be incorporated in 
the mix or would be impregnated by the liquid bitumen 
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used in the mix, so that no uncoated sand would | 
left between the fabric and the mixed material. 

A number of the sections inspected were construct: 
in this manner and, in general, they were in excelle: 
condition. No difference between the sections with ai 
without fabric could be seen. On only one proje 
were failures observed that apparently were not attri 
utable to inadequate base support. In this instan:« 
pot holing had occurred on the sections where fabric 
was used and had extended through the mix prop 
exposing a thin layer of bitumen-coated sand above the 
fabric. Here, apparently, a layer of uncoated sa: 
had prevented the road mix from bonding to the old 
surface and to the fabric. 

When plant-mixed material was used in constructing 
a new surface or re-treating an old one, some difficulty 
was reported in the construction operation where 
spreader boxes were pulled on skids or where mechanical 
finishers were used, unless the fabric was protected by 
first spreading a small amount of the prepared mixture 
on it. On the sections that did not contain fabric such 
precautions were unnecessary, of course. 

Regardless of the type of construction, the failures 
that occurred were as prevalent on the fabric sections 
as on those without it. In addition, one type of failure 
seen only on sections where a surface treatment mat 
had been laid on an old bituminous surface was the 
tendency displayed by the mat containing fabric to 
slip. On one road the slippage was greatest on the 
type A fabric sections, less pronounced on the type B 
fabric sections, and least noticeable on the type C 
fabric sections. No slipping had occurred on _ the 
sections that did not contain fabric. Figure 8, A, B, 
and C illustrates this rather unexpected behavior. 


[FABRIC USED ON WOODEN BRIDGE FLOORS 
4, 


In a number of States fabric was used in the bitu- 
minous surfacing of wooden bridge floors. Reports 
indicate that satisfactory results were obtained where 
the bridge deck was rigid. Ordinarily, when used on 
wooden floors the fabric was tacked to the deck and the 
bituminous mat was then constructed in the usual way. 

It was reported that the fabric did not necessarily 
prevent fine hair cracks from forming over the spaces 
between the planks but that it did prevent raveling of 
the mat at the edges of such cracks and assisted in 
holding the mat together, thereby making a water- 
proof covering for the wooden floor and reducing its 
tendency to decay. On two adjoining wooden bridges 
in South Carolina that carry the same traffic and are 
identical in construction, fabric was laid on the floor of 
one bridge and not on the other immediately prior to 
constructing a bituminous surface mat. The mat con- 
taining the fabric had remained in excellent condition 
up to the time of the inspection. It furnished a water- 
proof covering for the untreated timber floor and 
stringers which likewise remained in good condition. 
Although the green planks with which the floor was 
laid had shrunk on drying and gaps up to one-half 
inch in width developed between them, only a thin 
hair crack developed in the bituminous mat. So water- 
proof was this covering that it became necessary [to 
bore holes through it and the bridge floor in order to 
drain surface water from low areas. Its condition 
when inspected in 1938 is shown by figure 9, A. 

In contrast to this excellent behavior is that of ‘he 
adjoining bridge where fabric was not used. As shown 
in figure 9, B, the surface cracks are much wicer. 
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FicgurE 9.—(A) On a Ricrp Woopren Brince Fioor, Fasric 
Dip Not Prevent Narrow Joint Cracks But Dip Srop 
RAVELING OF THE SurRFACE. (B) ON a Simitar BRIDGE 
WHERE Fasric Was Nor USED THE SURFACE CRACKED AND 
RAVELED EXTENSIVELY, EXPOSING THE FLOOR PLANKS AND 
ALLOWING THEM To Ror. 


Raveling occurred in some instances to such an extent 
that entire planks became uncovered. A number of 
these had decayed and had been replaced, and at the 
time the photograph was taken 8 or 10 planks were 
uncovered and rotten. 

No useful purpose appeared to be served by the 
fabric on bridges that were not rigid or not in good 
condition when surfaced. The cooperative experi- 
mental road in North Carolina included three small 
wooden bridges which were located a short distance 
apart and were subjected to identical service conditions. 
Before the bituminous mat was laid fabric was placed 
on two of the bridges but not on the third one. The 
surface condition of two of these bridges 16 months 
after construction is shown by figure 10, A and B. 
The mat has adhered well to the planks on all three 
bridges, but when the planks became loose and moved 
under traffic the mat broke. On the fabric-covered 
bridges, the fabric broke sharply whenever the mat 
cracked because of loose planks. More loose planks 
were observed on the bridge without fabric than on 
those containing the fabric. No rotten planks were 
observed on the latter whereas several were seen on the 
former. Some of the stringers were showing signs of 
decay but whether this was the cause of the loose 
Planks or was the result of moisture reaching them 
aft-r the planks loosened and allowed the mat to crack, 








Figure 10.—(A) On a BripGe FLoor WitH Loose PLANKS THE 
Faspric Broke Quickty. (B) THe ConpiTion or THis 
SURFACE ON A SIMILAR BrinGeE Is DvE TO THE EXCELLENT 
Bonp WITH THE PLANKS RATHER THAN THE ABSENCE OF 
FABRIC. 


appeared to be rigid the mat laid on the fabric was in 
better condition than where fabric was not used. 

One unsatisfactory condition reported as resulting 
from the use of fabric on wooden bridge floors was the 
tendency of the bituminous mat to slip during hot 
weather. In this instance the fabric was nailed to 
the planks, which were laid on edge to form the floor, 
and the bituminous surface was then applied. It was 
reported that the mat containing the fabric moved 
under traffic in hot weather and had to be retacked. 


PERFORMANCE OF THE EXPERIMENTAL SECTIONS DISCUSSED 


The States cooperating in the experimental study 
provided reports of the construction, periodic condition 
reports, and annual maintenance costs. The discus- 
sion presented herein and the conclusions drawn from 
this investigation are based upon all of the reports 
that were submitted including those of inspections by 
the author which have been given previously. 

Some experimental roads were eliminated within 2 
years after construction because of reconstruction, 
abandonment for relocation, or complete failure. 
Others lost their experimental value as a result of the 
practice in some States of re-treating all bituminous 
surfaces annually or biennially. Obviously, little 
information could be obtained relative to the effect 
of fabric in a given experimental road reported to be in 


is .ot known. In general, however, where the floor | excellent condition when such condition was due to a 
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re-treatment just applied without any explanation 
of its need, especially when the surface had been pre- 
viously reported to be in good condition. However, a 
number of experiments were maintained for the 5-year 
period agreed to and were re-treated only to the 
extent necessary to maintain them in the customary 
condition of serviceability. 

The fact that the information obtained varied in 
completeness does not prevent evaluation of the merits 
of the fabric, and consequently the conclusions pre- 
sented herein are believed justified by the rather con- 
siderable amount of information that has been obtained. 

On the basis of the combined reports obtained from 
the States and by personal inspection, the information 
acquired may be classified substantially as follows. 

Tondincions were not warranted on seven sections.— 
On one section construction difficulties and other cir- 
cumstances made it impossible to evaluate the effect of 
the fabric. 

On one section the fabric was reported to be beneficial 
in shoulder treatment in contrast to behavior of an 
adjacent shoulder where fabric was not used. The two 
areas, however, were of different composition and con- 
struction so that comparable conditions did not exist. 

On five sections the information submitted was 
insufficient to permit conclusions. 

Fabric appeared to retard but did not prevent surface 
failures on eight sections —On two of the sections where 
the fabric was laid on the wooden floors of bridges it 
was reported that cracking of the bituminous wearing 
surface was confined to the plank joints; that the bitumi- 
nous mat did not ravel; and that the mat, in conjunction 
with the fabric, continued to prevent surface water 
from reaching the wooden floor. On adjacent bridges 
without fabric the mat cracked, raveled, and permitted 
water to eventually rot the floor plank. 

On five road sections it was reported that the fabric, 
although not preventing the development of cracks, did 
hold the mat together and delay raveling. 

On one section where fabric was placed on the wail 
shoulders, some protection against erosion was reported. 

No difference in service behavior of plain and fabric 
portions was observed on 109 sections.—By far the greater 
number of sections showed no difference in service 
behavior regardless of the presence or absence of fabric. 

Failures resulting from poor base or drainage con- 
ditions on a given section were as prevalent on the 
fabric portions as on those without fabric. 

In fact, the locations of the sections containing fab- 
ric could not be identified except by means of the sec- 
tion markers. 

It was definitely shown that fabric will not prevent 
surface failures caused by inferior base material, in- 
adequate thickness, faulty construction, frost action, 
or cracking of bituminous mats; nor will it prevent mois- 
ture reaching the base after the surface cracks. No 
benefit of fabric as an edge reinforcement was apparent. 
There was no measurable difference in behavior be- 
tween the different types of fabric. 

Fabric portions were less satisfactory than plain por- 
tions on 15 sections.—On two sections fabric was a 
definite disadvantage from the standpoint of mainte- 
nance which consisted of remixing and re-laying the 
bituminous mats with blade machines. 

On 11 sections the surface mats containing fabric did 
not adhere to the underlying course but slipped later- 
ally under the action of traffic although the fabric had 
been nailed in place. In three such instances reported 





the fabric was used on wooden bridge floors and in 
eight instances the fabric was used in re-treatments 
applied to existing bituminous surfaces. On the same 
sections, slipping of the surface mat did not occur when 
the fabric was not used. 

On two sections the fabric portions were simp\\ 
reported as less satisfactory than the plain portions. 

Fabric deterioraied in service on the 12 sections where 
samples were recovered.—On 12 of the 84 sections per- 
sonally inspected by the author, samples of the bitu- 
minous mats were taken for the recovery and examina- 
tion of the fabric. Two samples were cut from areas 
where base and surface failures had occurred and, as 
might be expected, the fabric had been completely 
destroyed. All other samples were taken from areas 
that were in excellent condition and had neither re- 
quired nor received any maintenance since construction. 
Without exception the fabric taken from these areas 
was in very poor condition and in many instances it 
was practically destroyed. Obviously, the continued 
good service behavior of the wearing surfaces could not 
be attributed to the fabric. 


CONSTRUCTION AND MAINTENANCE COSTS 


The average cost of the fabric delivered and placed 
was 7.35 cents per square yard or $862 per mile of 20- 
foot road. This increase in cost would be a substantial 
percentage of the cost of constructing surface treatments 
for which the use of fabric was especially advocated and 
which represented approximately 70 percent of the sec- 
tions built in this experimental program. 

Reports on the maintenance of the experimental 
roads were submitted through the States by State main- 
tenance engineers and by the local supervisors who were 
directly responsible for maintaining them. Mainte- 
nance practices vary greatly throughout the country,— 
even in different parts of a given State,—and these vari- 
able practices governed the maintenance of the experi- 
mental roads to a large extent. A review of the 
maintenance-cost data submitted indicates chiefly that 
there was little difference between the maintenance 
required for the plain sections and that for the sections 
containing fabric. 

CONCLUSIONS 

This investigation shows that the benefits expected to 
result from the use of cotton fabric were not obtained. 

No benefit of fabric as an edge reinforcement was 
apparent. Edge failures are not as prevalent now as 
formerly and at present they are caused chiefly by un- 
satisfactory base conditions. 

The assumption that the fabric, when impregnated 
with asphalt or tar, would serve as a waterproof 
membrane to prevent surface¥moisture reaching the 
base did not prove correct as the fabric deteriorated 
even when surface and base failures did not occur. 

Since failures resulting from inadequate base support 
were as prevalent on sections containing fabric as on 
those in which fabric was not used, it cannot be said 
that cotton fabric would compensate for inadequate 
base support or permit the construction of cheaper bases. 

Under certain conditions, as stated herein, cotton 
fabric was beneficial when used on wooden bridge floors. 

The use of cotton fabric in the types of construction 
employed in these experiments results in a material 
increase in the cost of construction. It has little or no 
practical value and consequently the increased cos! 1s 
not warranted. When used on bridge floors the 1n- 


creased cost may or may not be warranted depen ing 
upon the condition of the structure. 
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TRENDS IN MOTOR-VEHICLE TRAVEL, 
1936 TO 1945° 


BY THE DIVISION OF FINANCIAL AND ADMINISTRATIVE RESEARCH, PUBLIC ROADS ADMINISTRATION 


Reported by G. P. ST. CLAIR, Chief of Division 


N ORDER TO MEET THE DEMAND for infor- 

mation on the subject, classified estimates of motor- 

vehicle travel in the United States during the past 10 
years have been prepared, with the aid of data obtained | 
in cooperative studies by the State highway depart- | 
ments and the Public Roads Administration. The | 
results of these estimates are given in tables 1 to 5. 

Table 1 gives the estimates of rural, urban, and total 
vehicle-miles traveled, in each year from 1936 to 1945, 
by passenger cars, commercial busses, school and non- 
revenue busses, and trucks and combinations. In table 
2 are given the numbers of motor vehicles registered 
annually during the 10-year period, as adjusted for the 
computation of vehicle-miles. Table 3 gives the travel 
estimates in terms of annual miles per vehicle. Total 
motor-fuel consumption classified by type of vehicle is 
given in table 4, and rates of motor-fuel consumption 
in miles per gallon are given in table 5. 





| 

The data reported in this article are for all rural and urban roads, but exclude | 
military traffic for the years 1942 to 1945. In the article Traffic Trends on Rural! 
Roads in 1945, which appears on page 268 of this issue of PUBLIC ROADS, the 
travel data reported are for all rural roads and include military traffic; and the data 
reported as obtained from the summer loadometer surveys are for the 345,000 miles 
of main rural roads only. 


TABLE 1. 


TRENDS IN MOTOR-VEHICLE TRAVEL GREATLY AFFECTED BY 
WARTIME RESTRICTIONS 


The trends in motor-vehicle travel during this 10-year 
period are illustrated in figures 1, 2, and 3. Figure 1 
shows, in line-diagram form, the variation from year to 
year in the volume of travel—rural, urban, and total— 
of all motor vehicles taken as a group. Figure 2 shows 
by similar diagrams the annual variations in rural, 
urban, and total travel of passenger cars and of trucks 
and combinations. Annual averages in miles per 
vehicle are given in figure 3. 

The general characteristics of the trends illustrated 
in these tables and diagrams have been reported by the 
Public Roads Administration in monthly statements to 
highway magazines during the past few years. Dur- 
ing the years from 1936 to 1941 the trend in motor- 
vehicle travel was generally upward, culminating in 
the latter year in a very substantial increase over the 
levels reached in 1940. Shortly after the outbreak of 
war the cessation of civilian motor-vehicle production, 
the rationing of tires, and finally gasoline rationing 
turned the trend of traffic sharply downward. This 


Classified estimate of travel by motor vehicles, 1936 to 1945 


Travel in each calendar year in million vehicle-miles 


Item ers 
1937 


1936 1938 


Passenger cars (including taxicabs): 
Rural travel. 
Urban travel _- 


99, 327 106, 399 107, 786 


109, 327 117, 068 116, 388 
Total_- 208, 654 223, 467 224, 174 
Commercial busses: 
Rural travel 733 771 771 
Urban travel __- 1, 031 1, O83 1, 083 
Total_. 1, 764 1, 854 1, 854 
School and nonrevenue busses: 
Rural travel. 542 573 588 
Urban travel é 61 65 66 
Total_- | 603 638 654 
All busses: | i : pee 
Rural travel ; 1, 275 1, 344 1, 359 
Urban travel 3 3 ; 1, 092 1, 148 | 1, 149 
Total__- 2, 367 2, 492 2, 508 
All passenger vehicles: 
Kural travel 100, 602 107, 743 | 109, 145 
Urban travel 110, 419 118, 216 117, 537 
rotal ‘ 211, 021 225, 959 226, 682 


Trucks and combinations: 


ural travel 22, 076 24, 295 25, 768 
Urban travel 19, 031 19, 856 18, 727 
rotal_. 41, 107 44, 151 44, 495 

All rotor vehicles: : 
Kural travel ~~. 122, 678 132, 038 134, 913 
( rban travel 129, 450 138, 072 136, 264 


otal__ 252, 128 270, 110 


271, 177 


or years subsequent to 1941, figures do not 


include travel of vehicles owned by the military services 








1939 1940 1941 19421 1943 1 19441 19451 
| | 
113, 980 120, 499 133, 891 100, 107 71, 510 | 74, 321 | 90, 131 
121, 649 129, 060 141, 794 118, 132 90, 278 | 91, 752 | 109, 054 
235, 629 249, 559 275, 685 218, 239 161, 788 | 166, 073 | 199, 185 
771 808 878 1, 036 | 1, 139 | 1, 327 | 1, 326 
1, 085 1, 136 1, 234 1, 456 1, 601 | , 866 | 1, 864 
1, 856 1, 944 2,112 2, 492 2, 740 | 3, 193 | 3, 190 
627 640 635 573 562 545 | 577 
71 73 73 65 63 | 61 | 65 
698 713 708 638 625 | 606 642 
1, 398 1, 448 1, 513 1, 609 1, 701 1, 872 | 1, 903 
1, 156 1, 209 1, 307 1, 521 1, 664 | 1, 927 1,929 
2, 554 | 2, 657 2, 820 3, 130 3, 365 | 3, 799 | 3, 832 
— | | —— 

115, 378 121, 947 135, 404 101, 716 73, 211 76, 193 | 92, 034 
122, 805 130, 269 143, 101 119, 653 91, 942 93, 679 110, 983 
238, 183 252, 216 278, 505 221, 369 | 165, 153 | 169, 872 | 203, 017 
27,771 30, 203 34, 401 27, 145 24, 546 24, 637 | 27, 149 
19, 448 19, 724 20, 490 18, 582 17, 048 17, 071 | 18, 760 
47, 219 49, 927 54, 891 45, 727 41, 594 41, 708 | 45, 909 
143, 149 152, 150 169, 805 128, 861 97, 757 | 100, 830 | 119, 183 
142, 253 149, 993 163, 591 138, 235 108, 990 110, 750 | 129, 743 
285, 402 302, 143 333, 396 267, 096 206, 747 211, 580 248, 926 


are preliminary, subject to revision. 
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TABLE 2.—Numbers of motor vehicles registered 1936 to 1945 as 
adjusted for vehicle-mile estimates ! 


TABLE 3.—Estimate of average miles per vehicle traveled by mo 
vehicles of different types in calendar years 1936 to 1945 
































Passenger vehicles 
Trucks 
Calendar Pessen- Busses and 2 
year z - All pas- |combina-| | hi 
ger cars, senger tions vehicles 
including | Com- School vahicl 
taxicabs | mer- | and non-| Total | V® es | 
cial | revenue | | 
| 
1,000 | 1,000 1,000 1,000 1,000 1,000 | 1,000 
| vehicles | vehicles| vehicles | vehicles| vehicles vehicles | vehicles 
Sey 24, 201 49 75 124 24, 325 4, 071 | , 396 
as 25, 490 51 80 131 25. 621 4, 301 | 29, 922 
1938. 25, 272 51 82 133 25, 405 4, 285 29, 690 
a 26, 252 52 87 139 26, 391 4,495 30, 886 
aaa 27, 488 54 | 89 143 27, 631 4, 699 32, 330 
a 29, 691 59 88 147 29, 838 5, 112 34, 950 
th acyicenebion 27, 970 69 80 149 28, 119 4, 762 32, 881 
Aaa 26, 005 76 78 154 26, 159 4, 611 30, 770 
ee 25, 562 80 76 156 25, 718 4, 642 30, 360 
eit weninsion 25, 789 83 80 163 25, 952 4, 956 30, 908 




















1 These registration totals differ from those given in the annual Public Roads statis- 
tical table M V-1, State Motor-Vehicle Registrations, because of numerousadjustments, 
chief among which are the following: (1) Inclusion of publicly owned vehicles, which 
are listed separately in statistical table M V-1; (2) substitution of bus totals as given by 
the bus industry; and (3) reduction of truck registrations by 2.5 percent to allow for 
trucks registered in more than one State, For years subsequent to 1941 vehicles 
owned by the military services are not included. 





trend reached its lowest ebb in 1943, when total motor- 
vehicle travel, amounting to approximately 207 billion 
vehicle-miles, was only 62 percent of the total in 1941. 
Although gasoline shortages were somewhat eased in 
1944, there was only a slight increase in traffic volume. 

With the end of the war in August 1945, the pent-up 
demand for motor-vehicle travel was in large part re- 
leased, in spite of continued tire shortages and the 
scarcity of new passenger cars. ‘Traffic volume surged 
upward, with the result that 1945 travel, amounting to 
approximately 249 billion vehicle-miles, was nearly 18 
percent above the 1944 level, and about 75 percent of 
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| Passenger vehicles 
Trucks | 
Calendar | p Busses and | Pl 
year | + assen- All pas- |combina-| *)° 
? | ger cars, | | senger tions vehick 
including | Com- | School All vehicles 
taxicabs | mer- | and non- | brsses ‘ 
| cial | revenue | ‘ 
| 2 Miles | Miles Miles Miles Miles Miles Miles 
1936__- ‘ 8, 622 36, 000 8,000 | 19, 033 8, 675 10, 098 8, 879 
1937__ | 8, 767 | 36,000 8,000 | 18, 991 8, 819 10, 264 9, 027 
1938 __- | 8, 871 36, 000 | 8,000 | 18, 822 8, 923 10, 383 9, 134 
| oe 8,976 | 36,000 | 8,000 | 18, 392 9, 025 10, 504 9, 240 
ae 9,079 | 36,000 8,C00 | 18, 562 9, 128 10, 624 9, 346 
See | 9, 285 36, 000 7,980 | 19, 134 9, 334 10, 739 9, 539 
. Sees 7,803 | 36,000 7,989 | 20, 993 7, 873 9, 602 8, 123 
_ See 6, 221 | 36,000 7, 994 | 21,809 6, 313 9, 021 6, 719 
a 6, 497 | 40, 000 7,990 | 24,401 6, 605 8, 984 6, 969 
1945 1___- 7,724 | 38, 500 7,992 | 23, 489 7, 823 9, 264 8, 054 
| | 








1 Preliminary estimate, subject to revision. 


the volume in 1941. This upward trend has continued 
strongly during recent months. 

The major objective of wartime travel restrictions 
was directed toward reduction in the travel of passen- 
ger cars. The effect of this policy can be perceived 
readily in figure 2. The total volume of passenger-car 
travel was reduced from 276 billion vehicle-miles in 
1941 to 162 billion in 1943, a drop of 41 percent; 
whereas the travel of trucks and combinations de- 
clined only 24 percent, from 55 billion in 1941 to 42 
billion in 1943. The volume of travel of commercial 
busses increased substantially during the war period. 

The same trends are shown in figure 3 in which com- 
parisons are given in terms of miles per vehicle. The 
estimated average annual mileage of passenger cars 
dropped from 9,285 miles in 1941 to 6,221 in 1943 and 
recovered to 7,724 in 1945. The drop in average an- 
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TABLE 4.—Estimate of motor-fuel consumption by motor vehicles 
of different types in calendar years 1936 to 1945 


{In million gallons] 






































Passenger vehicles 
Trucks 
Calendar | passen- seen and e. 
year ger cars, All pas- | combina- vehicles ! 
including | Com- School aw cw tons 
taxicabs | mer- |and non-| Total | Y°U 
cial revenue 
13, 648 320 58 378 14, 026 4, 003 18, 029 
ee 14, 617 340 61 401 15, 018 4, 365 19, 383 
ae 14,663 | @ 343 63 406 15, 069 4, 465 19, 534 
aaa 15, 412 347 67 414 15, 826 4, 807 20, 633 
. ae 16, 323 367 69 436 16, 759 5, 156 21,915 
ree 18, 031 402 69 471 | 18, 502 5, 754 24, 256 
aa 14, 428 484 | 62 546 14, 974 4, 889 19, 863 
Ee 10, 821 | 543 60 603 11, 424 4, 534 15, 958 
ae 11, 108 639 58 697 11, 805 4, 576 16, 381 
1045952. 13, 323 | 638 | 62 | 7 14, 023 5, 055 19, 078 
1 





1 These totals differ by small amounts from the totals of highway use of motor 
fuel given in the annual Public Roads statistical table G-21, Analysis of Motor-Fuel 
Usage, chiefly because of an allowance for use in motorcycles. 

? Preliminary estimate, subject to revision. 


nual mileage of trucks and combinations was much 
more moderate. From a prewar maximum of 10,739 
miles in 1941 this average was reduced to 9,021 in 1943 
and recovered to 9,264 in 1945. 

A comparison of the diagrams given in figure 2 makes 
it very evident that wartime restrictions ‘had a much 
greater effect on rural travel than on urban travel. 
The travel of passenger cars on rural roads in 1943 
dropped 47 percent below the 1941 level; whereas their 
urban travel dropped only 36 percent. Similarly the 
decline in the rural travel of trucks and combinations 
was 29 percent, as against a decline of 17 percent in 
urban travel. 





TABLE 5.—Estimate of average miles traveled, per gallon of motor 
fuel consumed, by motor vehicles of different types in calendar 
years 1936 to 1945 


[Miles per gallon] 














Passenger vehicles 
Passen- | ” 
Calendar | ger cars, Busses Bien All motor 
year including ss a aS pana.) All pas- binations vehicles 
taxicabs School senger 
| Com- | All vehicles 
| mercial | and non- | busses 
revenue | 
} 
1936 | 15.20] 5.50 10.38 | 6.25 | 15. 04 10. 27 13. 98 
1937 15. 29 5.45 10.38 | 6.20 15.05 10.12 13. 94 
1938 15. 29 5. 40 10. 38 6.17 | 15. 04 9. 97 13. 88 
1939 15. 29 5.35 10. 38 6.17 15.05 9. 82 13. 83 
1940 15. 29 5. 30 10. 37 6.10 | 15.05 9. 68 13. 79 
1941 15. 29 5. 25 10. 36 5. 99 15.05 9. 54 13.75 
1942 | 15. 13 5.15 10.37 | 5.74 | 14. 78 9.35 13. 45 
1943 a 14.95 5.05 10. 39 | 5. 58 | 14. 46 9.18 12. 96 
1944 } 14. 95 | 5.00 10. 39 5.45 14. 39 9.12 12. 92 
1945 ! | 14.95 5.00 10.39 5. 48 | 14. 48 9.08 13.05 








1 Pelesbaney estimate, subject to revision. 


PROCEDURES USED IN ESTIMATING MOTOR-VEHICLE TRAVEL 


In planning this analysis it was recognized that 
rigorous aceuracy could not be achieved, and that 
estimates for the years since 1941 would be particularly 
vulnerable because the relative amounts of travel by 
different types of vehicles were profoundly altered 
during the war by gasoline rationing and other wartime 
restrictions and shortages. The data available from 
numerous sources, although gratifyingly consistent in 
general. trends and relations, exhibit inconsistencies in 
detail which are the result of the variable margins of 
error surrounding all highway statistics. The values 
given in tables 1 to 5 represent a compromise solution 
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TRUCKS AND COMBINATIONS IN,CALENDAR YEARS 1936 To 1945, 
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in which conflicts in the basic data were resolved, | lation, were asked to report actual or estimated miles 


sometimes by averaging and sometimes by the exercise 
of judgment. Some of the principal features of the 
analysis are described in the following paragraphs. 

Basie Sources of Data.—Data regarding the volumes 
of travel by motor vehicles of different types are obtain- 
able from four major types of study which the Public 
Roads Administration and the planning surveys of the 
State highway departments have conducted during 
recent years. These are the traffic surveys, the motor- 
vehicle-allocation surveys, the road-use surveys, and 
the truck and bus inventory. 

The comprehensive basic surveys of rural-road traffic, 
covering a single year, were conducted in most States 
during the period from 1935 to 1939. For any in- 
dividual State, estimates for years since that of the 
comprehensive survey are made on a comparative basis 
by means of the continuous record of automatic recorder 
stations, supplemented by whatever classification counts 
the State has made, including the annual summer 
counts in which data on vehicle loads are also obtained. 
The results of these continuous studies, which have 
been published by the Public Roads Administration in 
Wartime Changes in the Volume and Composition of 
Traffic on Rural Roads in the United States (1942, 


1943, 1944), yield among other things Nation-wide 
estimates of the total volume of rural-road traffic 


classified as between ‘Trucks and Combinations” and 
“Other”, the latter in effect being passenger vehicles. 

The motor-vehicle-allocation studies, which also 
were l-year studies, conducted in most States during 
the period from 1935 to 1939, were originally designed 
as an adjunct to the planning-survey fiscal studies fer 
the purpose of determining the incidence of motor- 
vehicle taxation with respect to vehicle type and situs 
of ownership (rural, urban, and size of urban place). 
In order to evaluate gasoline-tax payments the respond- 
ents, representing a sample of the motor-vehicle popu- 





driven and average miles per gallon during the previous 
year. A byproduct of the sample expansion was an 
estimate of the total miles driven by vehicles registered 
in the State during the year under study. 

The road-use surveys also were designed as adjuncts 
of the fiscal studies with the objective of determining 
the incidence of benefit of highway expenditures with 
respect to vehicle type and situs of ownership. These 
were interview studies in which the respondents, repre- 
senting a sample of the motor-vehicle population, were 
asked to report actual or estimated miles traveled 
during the previous year, and to account for this driving 
by describing customary trips, such as home-to-work 


driving; unusual trips, such as vacation driving; and 
incidental pleasure and business driving. With the 


aid of highway maps carried by the interviewers, the 
trips thus described were subdivided into travel on 
primary rural roads, secondary and local rural roads, 
city streets, and “out-of-State.”’ The result was an 
estimate of the respondent’s travel during the year sub- 
divided by class of road or street on w hich the travel 
was performed. Other classifications obtained, such 
as trip length and purpose of travel, are not germane to 
this discussion. Expansion of the sample led to an 
approximate evaluation of total travel by vehicles 
registered in the State during the year under study, 
classified by type of vehicle and class of road. 

From the above description it is evident that the 
traffic studies produce estimates of rural travel classified 
by vehicle type, the motor-vehicle-allocation studies 
produce estimates of total travel classified by vehicle 
type, and the road-use studies produce estimates of to- 
tal travel subject to both rural-urban and vehicle-type 
classifications. As might be expected, the results of 
these three independent studies, all of them founded on 
sampling techniques, were not entirely consistent in 
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any individual State or in Nation-wide totals developed 
from the State figures. 

In connection with the preparation of table 1, a cal- 
culation was made to determine the relative magnitudes 
of the changes which would be made, (1) in the volume 
and distribution of rural travel given by the traffic 
studies and (2) in the volume and distribution of total 
travel given by the motor-vehicle-allocation studies, if 
each were forced to meet “halfway” the rural-urban 
distribution given by the road-use studies. This com- 
parison was made for the year 1936 which was the year 
covered by the greatest number of planning survey 
studies. The percentage changes indicated by this 
calculation were as follows: 


Motor- 

Traffic data vehicle- 

allocation 

(rural) data (total) 
Passenger vehicles. ..........--.--- +1.31 —3. 03 
Trucks and combinations_ —_ ~~ ewe - +6515 +3. 29 
All motor vehioles. ....<...+-.-.-.<. _.--. +2.00  —2.00 


It was evident that, so far as Nation-wide totals are 
concerned, a mutual adjustment of the results of all 
three studies could be made without doing great 
violence to any of them. In the calculations underlying 
table 1 it was decided to adopt the following procedure: 
(1) To accept unchanged the data on rural-road travel 
given by the traffic studies; (2) to evaluate the distri- 
bution of total travel on the basis of the motor-vehicle- 
allocation studies (urban travel resulting as the differ- 
ence between the two) ; and (3) to use road-use data only 
in auxiliary computations and as a check on the con- 
sistency of the results. 

One factor leading to this decision was that the elab- 
orate process of reconciliation could thereby be 
eliminated. Furthermore, a reconciliation which would 
be acceptable to all concerned with the three studies 
would have to be made on a State-by-State basis, 
necessitating a tremendous volume of work. ‘The most 
compelling reason, however, for accepting the traffic 
data unchanged is that the automatic recorder data 
and periodic classification counts afford a means of 
determining the trends in recent years, whereas there 
is no corresponding series of periodic data whereby the 
rural-urban distribution given by the road-use surveys 
could be corrected for changes since the time when they 
were made. 


The data given by the truck and bus inventory, which 
are characteristic of the year 1940-41, were used to 
check the consistency of the calculations, and also for 
certain auxiliary computations. The annual published 
data on motor-vehicle registration and gasoline con- 
sumption were used as a means of carrying forward the 
estimates of total travel from the basic year, 1936, to 
the final year, 1945. 

Motor-Vehicle Registrations.—In preparation for the 
evaluation of vehicle-miles a number of adjustments 
were made in the motor-vehicle registration statistics 
published in the annual Public Roads table MV-1. 
Certain inconsistencies in the figures reported by in- 
dividual States, such as the failure to segregate trailers 
from trucks or the inclusion of light trucks with passen- 
ger cars, were corrected by means of approximations 
based on data from planning survey studies or other 
sources. In the case of busses, the annual motor- 
vehicle statistics do not provide a complete segregation 
of commercial busses from school and other non- 
revenue busses. For this reason the bus totals given 
in the Public Roads tables were replaced by the totals 








reported by the bus industry modified only by adding 
the small number of busses reported as owned by the 
Federal Government. In the case of trucks and com- 
binations it was thought that a reduction in the reported 
totals should be made in order to allow for vehicles of 
this type registered in more than one State. A reduc- 
tion factor of 2.5 percent, based on data obtained in the 
truck and bus inventory, was adopted. The adjusted 
registration totals as given in table 2 include publicly 
owned vehicles—Federal, State, and local. For years 
subsequent to 1941, vehicles owned by the military 
services are not. included. 

Busses and Federal Vehicles—In order to simplify 
the calculations, estimates for busses and for motor 
vehicles owned by the Federal Government were made 
separately from the prorating computations (discussed 
in a later section) by means of which year-to-year 
estimates of passenger-car and truck travel were made. 

In order to estimate the vehicle-miles traveled and 
motor fuel consumed by busses, it was necessary to 
determine reasonable average values of annual mile- 
age and miles per gallon. Comparisons were made of 
data regarding busses given by the motor-vehicle- 
allocation studies, the truck and bus inventory, and 
the statistics of the bus industry. No consistent 
trend in the annual mileage of busses was observed in 
any of the data available. The values of 36,000 miles 
per year for commercial busses and 8,000 miles per 
year for school and nonrevenue busses were, however, 
found to be reasonably consistent with all the sources, 
and these values were used for the years 1936 through 
1943. Bus industry figures indicated greater annual 
mileages for commercial busses in 1944 and 1945. The 
1944 estimate was set at 40,000 miles and the pre- 
liminary estimate for 1945 at 38,500. The estimate of 
8,000 miles for school and nonrevenue busses was 
carried unchanged through 1945. 

For 22 States reporting data for commercial busses 
separately in the motor-vehicle-allocation studies the 
weighted average per gallon for in-State travel was 5.9 
miles. The magazine Bus Transportation publishes 
each year a report of the total revenue-miles and the 
total gasoline consumption of common-carrier regular- 
route operators. Miles per gallon computed from these 
figures for a number of years were found to vary from 
4.4 to 4.6, with some indication of a downward trend. 
By making an approximate allowance for nonrevenue 
mileage and taking account of the mileage and gaso- 
line consumption of other commercial busses, estimates 
were made which varied from 5.38 miles per gallon 
in 1937 to 5.04 in 1943. After comparison of these 
figures with the motor-vehicle-allocation data, it was 
decided to use for commercial busses the series given in 
table 5 which varies from 5.50 miles per gallon in 1936 
to 5.00 miles in 1944 and 1945. This downward 
trend finds confirmation in bus-industry figures, which 
indicate a very great increase in the numbers of revenue 
passengers per bus during this 10-year period. 

In the case of school and nonrevenue busses the 
average of 10.4 miles per gallon given by the motor- 
vehicle-allocation studies was used for all years. 

The computations for Federally owned vehicles, 
which contribute a negligible part of the total travel, 
were based largely on the findings regarding annual 
mileage and miles per gallon resulting from the reports 
made by all Federal agencies in recent years on the 
operation of vehicles owned by them. The inclusion 
in the assembled totals of data computed separately 
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for Federal vehicles has the effect of altering slightly 
some of the basic averages of annual mileage and miles 
per gallon used in the calculations for vehicles other 
than Federal. 

Miles Per Gallon for Passenger Cars and Trucks.— 
The weighted average miles per gallon given by the 
motor-vehicle-allocation studies were 15.575 for pas- 
senger cars and 10.511 for trucks and combinations. 
These values have been regarded by numerous critics 
as somewhat too high, largely on the ground that any 
bias in an individual’s estimate of miles per gallon is 
likely to be on the high side. It is also true that data 
for heavy trucks, including combinations, were rather 
meager and somewhat erratic. In making compro- 
mises to reconcile data from various sources the fol- 
lowing modified values were determined for the year 
1936: 


Miles per Percentage 


gallon change 
EE ae ee ees ee Be 15.288  —1. 88 
Trucks and combinations______.__________~- 10. 256 —2. 49 


For passenger cars this value was held constant 
through 1941, but the values for the years thereafter 
were reduced slightly to allow for the higher percentage 
of urban driving and reduced efficiency of operation 
resulting from gasoline rationing and other wartime 
conditions. The values taken for 1942 and for sub- 
sequent years were 15.125 and 14.950, respectively. 

For trucks and combinations a correction was intro- 
duced to allow for the very substantial increases in 
average loads observed in loadometer studies made in 
recent years. From data in the Wartime Changes 
bulletins, estimates were made of the percentage in- 
creases in average operating gross weight between 1936 
and 1943. Since the loadometer studies were made on 
main rural highways, it was estimated that the per- 
— changes applicable to all roads and streets were 
two-thirds as great as those indicated by the loadometer 
studies. The corresponding changes in miles per gallon 
were obtained by reference to an approximate relation 
between average operating gross weight and miles per 

allon developed in a previous study. This relation, 
seme" on a correlation between motor-vehicle-allocation 
and loadometer data in a number of States, is expressed 
by the equation: 
g=0.001137 W177 


Where g=gallons per mile, and 
W=average operating gross weight in pounds 


Although this equation is based on the analysis of a 
very limited amount of data, it was considered suffi- 
ciently accurate for use in estimating the changes in 
average miles per gallon of trucks and combinations 
since the base year, 1936. The final values obtained 
by this means were as follows: 


I talieiarerin- wate scones ecinih Of 2) aan 9. 494 
| 22a of. 2. =a 9. 334 
SS ov BiG EE 9. 165 
a SE 0 ck erenesiename 9. 107 
ee A See 9. 075 


The slight differences between the values given above 
and those listed for trucks and combinations in table 5 
resulted from the inclusion of data for Federal vehicles 
in the final calculation of averages. 

Vehicle-mile Computations, Passenger Cars and 
Trucks.—The prorating procedure by means of which 
vehicle-miles were evaluated year by year from 1936 
through 1941 for the two major vehicle types, passenger 
cars and trucks and combinations, was as follows: 





TaBLE 6.—Comparison of rural travel in the years 1941 to 1248 





Rural travel Comparison by yea 
Type of vehicle — 
1941 1942 1943 | 1942/41 | 1943/41 








Million | Million | Million 








vehicle- | vehicle- | vehicle- 
miles | miles | miles | Percent| Percent) Percent 
Passenger vehicles.............-} 135,404} 101,716} 73,211) 75.12) 54.07) 71.78 
Trucks and combinations_....__| 34,401] 27,145) 24,546) 78.91 71.35} $0.43 
Ph lash anistancidiucs 169, 805| 128, 861| 97,757| 75.89 75. 86 




















(1) The net gasoline consumption by passenger cars 
and trucks as a group was determined for each year by 
deducting the amounts consumed by Federal vehicles 
and busses, computed separately, and a small allowance 
for motorcycles, from the published annual totals of 
highway use (Public Roads tables G—21 and G-201). 

(2) For the year 1936 trial values of gasoline consump- 
tion by passenger cars and trucks, respectively, were 
computed by applying to the registration totals the 
weighted average values of annual mileage given by the 
motor-vehicle-allocation studies (8,665.8 for cars and 
10,131.0 for trucks) and the adjusted average values of 
miles per gallon (15.288 for cars and 10.256 for trucks); 
and these values were added to a trial total. 

(3) The trial values of gasoline consumption for 
passenger cars and trucks, respectively, were adjusted 
by the factor necessary to make their sum equal the 
“true” value of gasoline consumption by passenger 
cars and trucks as determined in (1). 

(4) Vehicle-miles were evaluated by multiplying the 
adjusted values of gasoline consumption by the given 
values of miles per gallon; and adjusted values of aver- 
age mileage were determined. 

(5) For each subsequent year through 1941 the process 
was repeated, the trial values of average mileage being 
the final values determined for the previous year. 

The assumption underlying this procedure is that 
changes in total gasoline consumption not accounted 
for by changes in the number of registered vehicles 
(together with the estimated changes in the miles per 
gallon of trucks) are attributable to proportional 
increases in the average annual mileages of passenger 
cars and trucks. 

Procedure Used for 1942 and Subsequent Years.—It 
was necessary to devise a different procedure for these 
years because of the known differences in the relative 
effects on passenger cars and trucks of gasoline rationing 
and other wartime restrictions and shortages. These 
differential effects are illustrated by the rural traffic 
data shown in table 6. 

Among those who follow the trends of traffic move- 
ment it is a matter of general agreement, supported 
by a considerable volume of data, that the wartime 
effects on urban travel were less severe than on rural 
travel. Urban holders of A gasoline rations did very 
little rural driving. Urban and suburban holders of 
home-to-work rations undoubtedly reduced their rural 
driving in great measure. With respect to trucks the 
relative changes were not so clearly indicated, but the 
evidence of urban toll facilities and a limited amount 
of urban street data tend to confirm the general im- 
pression that urban truck travel did not suffer as great 
a reduction as did rural truck travel. 

Since the data on urban traffic trends were not su‘fi- 
cient either in volume or in geographical distribut:on 
to establish reliable Natieatle averages, it was 
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‘TABLE 7.—Effects on calculation of urban travel of assumptions 
as to the relation of urban travel to rural trevel 


: wh: Rural Urban Total 
Conditions travel travel travel 
1941 travel a -million vehicle-miles 169, 805 163, 591 333, 396 
No change in urban travel (1): 
1963 travel... ......... million vehicle-miles 128, 861 163, 591 292, 452 
Relation, 1942/1941___________- __percent 75. 89 100. 00 87. 72 
Urban change proportional to rural change (2): 
1942 travel Soaps million vehicle-miles 128, 861 124, 149 253, O10 
Relation, 1942/1941 : : ...--percent 75, 89 75, 8Y 75. 8Y 
Urban change one-half of percentage of rural change 
3): 
1941 travel __- = million vehicle-miles 128, 861 143, 862 Viz: 723 
Relation, 1942/1941__- : __ percent 75. 89 87. 94 81.80 
Urban change two-thirds of percentage of rural 
change (4): | 
1942 travel 5 million vehicle-miles__| 128, 861 137, 302 26H, 163 
Relation, 1942/1941 __percent__ 75. 89 83. 93 79. 83 
Deviations of estimates (3) and (4) in percentage of | 
lower value . 4.8 | 2:5 


decided to use the rural traffie data as a guide in making 
the urban estimates. The procedure, which was ap- 
plied separately to passenger cars and to trucks and 
combinations, was that of estimating the year-to-year 
change in urban travel as a percentage of the corre- 
sponding change in rural travel. The possibilities of 
error in this somewhat arbitrary procedure were held 
within rather narrow limits by the further requirement 
that the final estimate of total vehicle-miles for each 
vear should be consistent, in terms of motor-fuel con- 
sumption accounted for, with the annual published 
figures on highway use of motor fuel. 

In considering estimates for 1942 one might make 
various assumptions on the decline in urban travel in 
percentage of its 1941 value. The outer limits of such 
an estimate might be taken as (1) no reduction at all 
in urban travel, and (2) a percentage reduction equal to 
that of rural travel. More reasonable assumptions of a 
percentage decline in urban travel would be that it 
equalled (3) one-half, or (4) two-thirds, of the decline 
in rural travel. The results of calculations according 
to such assumptions are shown in table 7. 

With respect to total travel in 1942, the difference 
between the results of the two extreme assumptions 
(1) and (2) is 39,442 or 15.6 percent of the smaller 
number. The urban estimates differ by 31.8 percent. 

It is apparent that, within the range of the more 
reasonable assumptions (3) and (4) regarding the 
relative changes in rural and urban travel, very small 
deviations in the estimates are to be expected. The 
margin of error was still further narrowed by evalu- 
ating motor-fuel consumption from the assumed 
vehicle-miles and then applying the prorating process 
so as to equate to the reported highway use of motor 
fuel as given in Public Roads statistical table G—21. 

In making the estimates for 1942 the following 
assumptions were used: Urban travel of passenger 
vehicles experienced two-thirds the percentage reduc- 
tion from 1941 experienced by their rural travel; and 
urban travel of trucks and combinations experienced 
one-half the percentage reduction from 1941 expeti- 
enced by their rural travel. 

This device of predicating the estimates of urban 
travel upon the estimates of rural travel derived from 
the traffic studies was carried through for the vears 
1943, 1944, and 1945, the estimates of urban travel 
for a given year being based on the changes in rural 
travel from that of the preceding year. 

Although the procedure described above, controlled 
is it is by the reported total volume of motor-fuel 
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consumption, has produced very reasonable results for 
a series of 4 years, it cannot be recommended as a 
means for making continuing annual estimates over an 
extended period. A more firm basis should be estab- 
lished for estimating the total volume of urban travel. 
Travel of Military Vehicles.—In the estimates for 
1941 and prior years vehicles owned by the military 
services were included with other publicly owned 
vehicles, and their travel is therefore meluded in the 
estimates given in table 1. For 1942 and subsequent 
/ years no information is publicly available regarding 
either the numbers of military vehicles or the motor 
fuel consumed by them, and the totals and averages 
given for these years in tables 1 to 5 are applicable to 
civilian motor vehicles only. 

Since the rural traffic studies on which the estimates 
of rural-road travel are based involve the counting of 
all vehicles whether civilian or military, it was neces- 
sary in arriving at final estimates of the total travel by 
civilian vehicles to adjust for the relative numbers of 
military vehicles observed in the traffic counts. 

In the annual summer loadometer and traffic studies 
made on main rural roads in recent years the following 
Nation-wide percentages of military vehicles to total 
vehicles were observed: 

1942 : 1.08706 | 1944 
1943_. 1.92865 | 1945__ 


x 1. 44327 
0. 81758 
The percentages given above were applied to the 
estimated values of all vehicle-miles on main rural 
roads,” and the resulting estimates of the travel of 
military vehicles on main rural roads were deducted 
from the estimated total vehicle-miles on all rural roads. 
Because of the fact that the data for civilian trucks and 
combinations are given separately in the rural traffic 
estimates, this deduction was applicable to the totals 
for vehicles other than civilian trucks and combinations, 
the estimates for the latter remaining unchanged. The 
amounts of these deductions, representing the estimated 
travel of military vehicles on main rural roads, were: 


Million Million 
rehicle-miles vehicle -miles 
1942__ poten aie” he pene eee me 1, 049 
1945... eee: 51, °c el eee ate 701 


It might have been preferable to estimate travel of 
military vehicles on secondary and local roads and on 
city streets so as to include the travel of all vehicles, 
civilian and military, in table 1; but the data on which 
to base such estimates were entirely lacking. 

Revisions of Vehicle-mile Estimates.—For the years 
1936 to 1940 the estimates given in tables 1, 2, and 3 are 
identical with the estimates previously issued in 
statistical table VM-1 for 1945. The data for the 
years 1941 to 1944 have been revised, the most notable 
change being the adiustment with respect to the travel 
of military vehicles in the years 1942 to 1945 described 
in the preceding section. The previously published 
figures for 1944 were preliminary, and are replaced by 
revised estimates. Other minor revisions were made 
in the interest of increased accuracy. 

The estimates for 1945 are indicated as preliminary, 
subject to revision at the time preliminary estimates for 
1946 are made. It is believed, however, that no 
material changes will result from such a revision since 
most of the data on which the 1945 estimates were 

| based were in final form. 
| 


2 See table 11, page 15, in Wartime Changes in the Volume and Composition of 
Traffic on Rural Roads in the United States in the year 1944. 








TRAFFIC TRENDS ON RURAL ROADS IN 1945, 


BY THE DIVISION OF HIGHWAY TRANSPORT RESEARCH, PUBLIC ROADS ADMINISTRATION 


Reported by THOMAS B. DIMMICK, Highway Economist 


HE TRAFFIC VOLUME TRENDS reported in 

this analysis are derived principally from the 
records received from approximately 625 fixed auto- 
matic traffic-recorder stations operated continuously 
on rural roads in 46 States. Trends concerning the 
volume and nature of truck traffic and loadings were 
obtained from the information collected in the summer 
surveys described in another part of this article. Sup- 
plemental counts made by many States yielded valuable 
information concerning total traffic and the portion of 
the total that consists of single-unit trucks and of 
combinations. In the analysis of the data considera- 
tion has been given to all available information, but 
the most reliable of this—that derived from the traffic 





! The travel data reported in this article are for all rural roads and include mili- 
tary trailic. The data reported as obtained from the summer loadometer surveys, 
however, are for the 345,000 miles of main rural roads only. In the article Trends 
in Motor-Vehicle Travel, 1936 to 1945, which appears on page 261 of this issue of 
PUBLIC ROADS, the data reported are for all rural and urban roads, but exclude 
military traffic for the years 1942 to 1945. 





sample with the most complete coverage—is giver 
preference in this report. Vehicle-mile figures for 
State systems prepared by the States for current years 
have been used when available in preference to esti- 
mates made by applying trend data to estimates of 
previous years, 


TRAVEL TRENDS ON ALL RURAL ROADS 


The seasonal variation of all travel on all rural roads 
for the years 1940 to 1945, inclusive, is shown in figure 
1. Traffic in 1943 and 1944 was reduced to about 60 
percent of the prewar level, but in 1945 it gradually 
increased with the approaching end of hostilities until 
in September with the termination of gasoline rationing 
it reached a level not much below that of 1940. 

Figure 2 shows the relation of traffic on all rural roads 
in 1944 and in 1945 to that in corresponding months in 
1941. As might be expected, a large increase of traffic 
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PERCENTAGES. 


occurred in all sections of the country as soon as gasoline 
rationing was terminated. Particularly noteworthy is 
the increase of traffic in the western regions, where total 
traffic increased so rapidly that during the last 2 
months of 1945 it exceeded the previous all-time levels 
established in 1941. 

Traffic information is analyzed in this report for the 
United States as a whole, for each census region, and 
generally for three groups of regions that roughly repre- 
sent the eastern seaboard, the Central States, and the 
Western States. The census regions with the States 
included in each are shown in figure 3. The data avail- 
able are not deemed sufficient to ae presentation of 
separate statistics for each State. 

The ratio of traffic volume in 1945 to that in corre- 
sponding months of 1944 is shown in table 1. The 
general traffic level in 1945 increased from a point 5 
percent below the level of January 1944 to 33 percent 
above that of December 1944. 

In table 2 the 1945 traffic is compared with that in 
the corresponding months of 1941. The approach to 
1941 levels during the latter part of 1945 in all sections 




















Ficure 3.—REGIONS OF THE UNITED States BAsED on Grovup- 
INGS OF THE STATES BY THE U. 8S. BUREAU OF THE CENSUS. 





of the country, and exceeding this level in the Pacific 
region, is evident. 

Table 3 shows by census regions the percentage of the 
year’s traffic in each month of the year, for 1945 and 
for 1941. Of interest is the noticeable shifting of 
traffic from the Eastern States to the Pacific Coast 
area that occurred during the period. Only 9.70 per- 
cent of the total traffic in the United States occurred 
in the Pacific region in 1941 whereas in 1945 the per- 
centage for this region increased to 12.13. The per- 
centage for the three eastern regions, on the other 
hand, decreased from 33.83 percent in 1941 to 30.83 
percent in 1945. 


SUMMER SURVEY MADE ON MAIN RURAL ROADS 


During the summer of 1945 a survey was conducted 
by the highway departments of 37 States in cooperation 
with the Public Roads Administration to determine 
the trends in the volume and composition of traffic 
and in the weights of trucks and truck combinations 


























TABLE 1.—Ratio of traffic volume in 1945 to that in corresponding 
months of 1944 as determined from automatic traffic-recorder 
data 

TT ae Rr re ee ee ; . ; 
ei/c} a & i =| B ty bo a | 2 3 $ 
Region l\2iels <|2\|5|5 <|a}o|jz2|Aa 

Eastern regions: | | 
New England __-. 0. 86|0. 88]1. 01/1. 03,0. 97|1. 10/1. 14/1. 31/1. 41/1. 381. 361. 23 
Middle Atlantic | 84) .93)1. 10/1. 05] . 99/1. 01/1. 10/1, 28/1. 34/1. 40/1. 41/1. 32 
South Atlantic. 97} . 96)1.07)1. 07/1. O1}1. 04/1. 09}1. 19}1. 26)1. 35)1. 39|1. 32 32 
Average 90) . 9311.07 hash. ool.o4l. 1, 24/1. 32 1, 87]. 40 40}1. 1.31 

Midwest regions: 2h Be Se | ee ee ey A ee G 
East North Central . 87) . 93/1. 09)1. 05)1. 01)1. 02/1. 06,1. 22) 1. 25)1. 28/1. 29)1. 34 
East South Central . 93} . 94/1. 03)1. 02/1. Q6)1. 05/1. 14/1. 26/1. 26}1. 27/1. 34/1. 31 
West North Central . 95) . 98/1. 14/1. 09/1. 05)1. 08} 1. 04/1. 17) 1. 29/1. 28/1. 25/1. 19 
West South Central - |1. 03} - 99)1. 03}1. 1. O41. nf 04)1. 11)1. 16)1. 21)1. 23)1. 30/1. 30 

| — = —_ —— ESE ————E EES ee 
Average... | . 94) “961, 08/1. 05 L (041. 041. 07)1. 201. 251. 27/1. 29/1. 29 

Western regions: | | } = - 7 - _ F 
Mountain_. -|1. 08 1, 08/1. 09/1. 09)1. 12/1. 13]1, 16]1. 24]1, 32)1. 38] 1. 37/1. 33 
Pacific. _...-.-. 1.09)1. 11/1. 11/1, a O8}1. 17/2. 17/1. 23/1. 49]1. 53)1. 63/1. 58 
Average 11.091. 10)1. .10)1. 12/1. 1o)1.1 16]1. 17|1, 23)1. = 47, 11.54). 50 

United States average | -95| a7. 08 1. 06) — 06}1. 10}. aah. 301. 341. 36). 33 
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TABLE 2.—Ratio of traffic volume in 1945 to that in corresponding 
months of 1941 as determined from automatic traffic-recorder 
data 


sis 5 i m | @ > = aa os s) 
Region | 2) e | sizsis 2 = | é| | ZBidizla4 
- , } | | | | 
Eastern regions: | | | | | | 
New England_. ------|0. 61/0. 56/0. 62/0. 54/0. 47/0. 46,0. 45/0. 49/0. 6910. 68.0. 63/0. 61 
Middle Atlantic. ___- ---| . 57] . 59) . 54) 57) 51) 50) 55] 60) .70| .76) .73) . 67 
South Atlantic. ._...__- | -63) .62) .66) .62) .62) .61) .60) .64) .76) 84) .83) .78 
Average __......-- | .60| .60| .61) .58) 55] .54| 55) . 59) .72] .78| .76| .71 
Midwest regions: | | | | | 
East North Central_......| .61] .62| .66| .57| .52) .55| .54] .67] .76| .73] .73] .63 
East South Central______- 751.73) 78) 27 70) 73| . 70} . 85] . 84) .89) .94] .71 
West North Central_--_-_| .74] 65] 68) .63) .59) .62| .59| 164] 78) (1) 74] .64 
West South Central_.....| .71| .68| .72) .75| .72 - 76 - 74) .79) . 83) .86) . 91) .79 
a 69] . 66) .69] .65| .60| . 63) .61| .71| .79} .80) .80| .68 
Western regions: , on oe oe ae a ee | | 
Mountain 81) .76) .70| .72) .68| .67| .66) .74] .89] .96) .89) .90 
Pacific 84) .77) .75) .72) .69) . 78) .76) .78)1.00)1. 091. 12)1. 11 
: Sees |} |__| See 
Average - 83) .77| .73) .72) .68) .74) .73) .77| .96)1.05)1. 03/1. 04 
United States average _- 68) . 66 . 64) . 59) . 61) 82) .74 


| . 67) 


-61) .68| .79| . 831 . 





on main rural roads. This survey followed the general 
plan of similar surveys conducted in 1942, 1943, and 
1944. Weighing stations were operated during July, 
August, or September in all States except Florida, 
Indiana, Massachusetts, Missouri, Oregon, Ohio, Rhode 
Island, Utah, Vermont, South Carolina, and Virginia. 

During the survey 441 weight stations were operated, 


TABLE 


Eastern regions 


Period 
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: ‘ : East 
New Middle South nn ft 
England | Atlantic | Atiantic Potal Pisa 

January: 

1941 4. 54 12. 82 16. 10 33. 46 19.18 

1045 4.05 10.75 14. 94 29. 74 17.19 

1945: 1941 8Y Ss4 93 389 . 90 
February: 

M41 4.99 2.27 5. 54 32. 80 19. 27 

1945 4. 24 1.09 14. 73 30. 05 18. 27 

1945: 1941 85 . 90 . 95 . 92 95 
March: 

1941 4.95 12. 76 14. 83 32. 55 20. 06 

1945 4. 60 10. 25 14. 83 29. 47 19. 76 

1945: 1941 93 80 .99 91 gg 
April 

1941 ’ 5. 53 14. 25 14. 50 34. 28 20.95 

1945 4.71 12. 4 14. O8 31.438 18. 80 

1945: 194] 85 89 .97 . 92 . 90 
May: 

1941 5. 86 15. 01 13. 10 33. 97 21.65 

1945 4.68 13.08 13. 66 31. 36 18, 84 

1945: 1941 . 80 87 1.04 . 92 . 87 
June: 

1941 5. 93 14.87 13. 39 34.19 21. 29 

1945 4.42 12. 10 13. 41 29. 93 19. 09 

1945: 1941 75 Sl 1. 00 . 83 . 90 
July 

1941 6.42 14. 87 13. 47 34. 76 21.80 

1945 4.74 13. 48 13. 31 31.53 19. 24 

1945: 1941 74 91 99 91 . 88 
August: 

1941 6.56 15. 55 13. 21 35. 31 1. 40 

1945 1.77 13.75 12. 44 30. 96 21. 26 

1945: 1941 73 SS . 94 88 99 
September: 

1941 6. 04 14.02 13. 06 34.02 21. 35 

1045 5. 24 13. 25 12. 52 31. 02 20. 35 

1945:1941 87 . 95 . 96 . 91 . 95 
October: 

1941 5. 99 14. 20 13. 33 33. 53 20. 75 

1045 4.94 13. 04 13. 52 31. 50 18. 30 

1945: 1941 . 82 + . 92 1.01 94 . 88 
November: 

1941 5.78 13. 80 13. 96 33. 54 20.73 

1945 4.48 12. 39 14. 16 31.02 18. 47 

1945: 1941 78 . 90 1. 01 . 92 . 89 
December: 

1941 5. 30 12. 59 14. 47 32. 36 20. 98 

1945 4.38 11. 41 15, 22 31.02 17.83 

1945: 1941 83 91 1.05 . 96 85 
Total: 

1941 5. 78 14.15 13. 94 33. 83 20. 90 

1945 4.65 12. 42 13.77 30. 83 19. 05 

1945. 1941. Sl SS au) 91 


- 91 
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all of which had been used in the 1944 survey except 
10 in Iowa which had been used in the survey conduct««| 
in 1943. The work was so scheduled as to insure 
maximum comparability with data obtained in the 
previous years. 

Each station was operated for 8 hours on a weekday 
either from 6 a. m. to 2 p. m. or from 2 p. m. to 10 p. m 
All traffic passing the stations during the period of eper- 
ation was counted and classified. Military vehicles 
were separated from civilian traffic and classified into 
six types. Civilian vehicles were classified as locs| 
passenger cars, foreign or out-of-State passenger cars, 
light single-unit trucks, medium single-unit trucks, 
heavy single-unit trucks, tractor-truck and semitrailer 
combinations, truck and trailer combinations, and busses. 

During the period of the survey 3,979 military ve- 
hicles and 482,702 civilian vehicles were counted. 
The civilian traffic included 102,598 trucks or 21.3 
percent of the total. The survey period, number of 
stations operated, number of vehicles counted, and 
number of trucks weighed in each State are shown in 
table 4. 

At stations where traffic volume permitted all trucks 
and truck combinations were stopped and weighed, 
but where the volume was so large as to make this pro- 
cedure impracticable a representative sample was 
obtained by selecting trucks at random from those 
which passed. Military vehicles, passenger cars, and 


3.—Percentage of total monthly traffic in each United States census region in 1945 and 1941 with ratio between the percentage in 
1945 and the percentage in 1941 


Midwest regions Western regions 


ee a United 
Fast West West — 
South North South Total Mountain, Pacific Total _— 
Central | Central | Central 
6. 63 1.73 13. 83 51.37 . 04 10. 13 15.17 100 
7. 36 12. 82 14. 39 51. 76 5. 99 12. 51 18. 50 100 
1.11 1.09 1.04 1.01 1.19 1. 23 1. 22 
6. 51 12. 66 13. 20 51. 64 . 11 10. 45 15. 56 4 
7. 24 12. 52 13.75 51.78 5. 88 12. 28 18. 17 ' 
1.11 99 1.04 1.00 1.15 1.18 1.17 
6. 33 12. 50 12. 91 51. 79 ». 59 10. 07 15. 66 M) 
7.40 12. 56 13. 80 53. 52 5. 82 11. 18 17. 01 Wy 
1.17 1.00 1.07 1. 03 1. 04 1.11 1.09 
6. 10 12. 36 11. 53 50. 95 5. 06 9.72 14.77 ") 
7.07 12. 28 13. 64 51.79 5.72 11. 06 16.78 (W) 
1.16 99 1.18 1.02 1,13 1.14 1.14 
5. 98 12. 66 10. 61 50. 90 5.19 9. 94 15.18 MW) 
7.03 12. 50 2.85 51. 22 5. 92 | 11.49 17.42 M) 
1.18 .99 1, 21 1.01 1.14 1.16 1.15 
6. 00 12. 62 11. 03 50. 94 5. 40 9. 47 14. 87 W) 
7. 12 12. 76 13.15 52. 12 5. 91 12. 04 7. 95 M) 
1.19 1.01 1.19 1,02 1.09 1.27 1. 21 
6. 01 12. 31 10. 12 50. 25 5.47 9. 52 14.99 ) 
6.94 11. 94 12. 42 50. 54 5. 94 11. 99 17. 93 ) 
1.15 .97 1. 23 1.01 1.09 1, 26 1. 20 
5.81 12. 63 10. 11 49. 96 5. 30 9.43 14. 73 M 
7. 28 12. 01 11. 76 §2. 31 5. 81 10. 92 16. 73 n) 
1, 25 95 1. 16 1. 05 1.10 1.16 ] 
6. 21 12. 54 11.04 51.14 5. 12 9.72 14. 84 ) 
6. 61 12. 42 11. 55 50. 92 5. 75 12. 31 18. 06 
1. 06 99 1. 05 1. 00 1.12 1. 27 1. 22 
6.35 12. 99 11. 56 51. 64 5. 24 9. 59 14. 83 
6.81 12. 4 12. 04 49.79 6. 06 12. 65 18.71 
1. 07 97 1. 04 . 96 1. 16 1.32 1. 26 
6. 12 12. 80 12.13 51.78 5, 21 9. 47 14. 68 
7. 06 1. 60 13. 30 50. 43 . 63 12. 91 18. 55 
1.15 91 1. 10 97 1.08 1.36 1. 26 
6. 60 12. 61 13. 39 53. 58 4. 67 9. 39 14. 06 ”) 
6. 30 10. 96 14.19 49. 28 ». 67 14. 04 19. 70 M 
95 87 1. 06 . 92 1. 21 1.50 1 40 
6.19 12. 55 11.61 51. 25 5. 21 9. 70 14, 92 , 
6. 99 12. 22 12. 93 51.19 5. 84 12.13 17. 98 N) 
1.13 97 ) i S| 1.00 1.12 1. 25 1. 20 
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TABLE 4.—Survey period, number of stations operated, number of | TABLE 5.—Ratio of 
vehicles counted and weighed in each State in the special weight 


survey during the summer of 1945 
¢ 


1945 summer counts to corresponding counts in 
1944, by regions 


| | i. ” Civilian vehicles 
| | Number of vehicles 








Num- counted : , M ili- Seer et aoe Trucks and truck 
Region and State Survey period ha ena elaaieeinas aAEan —— Region tary Passenger cars combinations 
: sta- | an | an | Civil- weighed | inte vehi- ——- a Bus- 
tions | mili- civil- | jan cles All — ses 
hide eel bases AN | Local fen All | nits) bina 

—_ ee “Renae iae ese ai ea aint ar ta aetna Ge tions 

New England: {—_———- — el SS — 
Connecticut __- July 23-Aug. 7 10 | 40 | 17,693 | 3, 295 | 1,924 | a | 

aine r 93-Aug. 2 9 576 | 2. 385 512 | ( | 
seader he ll dy chs ih Pies Bisco Fic ome New England 0.49 1.20, 1.21) 1.15 | 1.40) 1.17 | 1.17] 197) 1 
sara ene leg ae ‘ “S) ciieeaabi wer ads Middle Atlantic 41 | 1.20) 1.24) 1.18) 1.84 | 1.08) 1.05] 1.15) 1.16 
-rdhag +o gaa aa — Pn a he " South Atlantic (55! 1.18 | 1.24] 1.23 | 1.25 | 1.03 | 1.06] .97| 1.22 
Vermont '..._..-- [=<-=s et | Ie nes Cage! nme (C aeiee ah gS ; Average 50 | 1.19 | 1.23 | 1.20 | 1.40 | 1.06 | 1.07 | 1.04] 1.18 

Subtotal_- | 2 a ee 23 | 81 | 36,111 | 6,774 3,818 | : — 5 Passe = ae 

BN Sass) oe pang acti, ME : Midwest regions: 4 7 at 
Middle Atlantic: | | | | } East North Central. .68 | 1.15 | 1.18 1.21 | 1.49 | 1.07 | 1.06 | 1.10 98 
pe Rie ieera | | 3 579 | 8.97 rar East South Central «65 | 1.15 | 1.20 | 1.21 | 1.17 | 1.01 | Lee . 96 93 
Rew Jomey--| Ang g-aue 13! 30) as | ageto | Seth] ae |e eat cena gs ig kab kag kor eat car |i) | 
Pennsylvania.....| Aug. 6-Aug. 21-.|  14| 134 | 21,981 | 4,496 1, 135 Wersemtn Cone, .82 | 2) he | he) bee ee he | oe 
Oe es es 44} 295 | 82,426 | 19,216 | 5, 529 Average 7201.16 1.18 1.13 1.50) 1.07 | 1.07 | 1.07 | 1.08 
: — aa =e “ : Western regions 
South Atlantic: } : 

Reape oi "= H av | ¢ aes aon | Mountain 1.39 | 1.24 | 1.31 | 1.22) 1.58 | 1.04] 1.02 | 1.13 1.09 
nee al i or ss) Mak Rocend Tatars 7 | Pacific [37 | 1.38 | 1.41 | 1.36 | 1.82 | 1.33 | 1.31 | 1.37 89 
Georgia__- July 17-July3i_-|  10| 52] 7,519| 1,735 | 1,336 | - rm rs oe Bee es AS re eg ieee 
Maryland ___.___} July 30-Aug. 10. 10 | 314 | 20,440 | 4,393 876 | Average S| Se | RSF | ES) Se Re | ee | ee) ee 
ey | ee 10} 85 | 11,056 | 2,519) 2240 | United States average... 59 | 1.20 | 1.23 | 1.18 | 1.49 | 1.10 | 1.09] 1.41 | 1.07 
Virginia !_ = SS ead | | ead = 
West Virginia_.._| Aug. 14-Sept. 20 9 | 6,744 | 1,741 | 836 | 

Subtotal. 43| 548 | 55,208 12,900| 5,678 | busses were counted but were not stopped. All 

eee ne : cc C8 | trucks stopped were weighed and the heavier vehicles 
total. ---- 110 | 924 |173,745 | 38,956 | 15,025 | were also measured. Information was recorded con- 
Zast North Central: | | | | | cerning the type of vehicle whether loaded or empty, 
se Aug. 31-Aug. 2 3 | 204 | 49,226 | 9,329 | 656 | : lina aa? Sri 
eis. ee, Sl ee se #656 | number of axles, the manufacturers’ rated capacity, 
—- July 26-Aug.9...) 10 | 59 | 16,554 | 2, 834 1.245 | and the load on each wheel on one side of the vehicle. 
Wiseonsin..-.---| Aug. 2-Aug.23..] "12 | 90 | 14,522 | 2.589] 1,910 | The distance between axles of single-unit trucks weigh- 
| _—E = anaes . . . . ° 
Subtotal....___.| 65 | 353 | 80.302 ise] zen | Mg 13 tons or more and of combinations weighing 
East South Central eer ae —— aa | 17 tons or more also was re corded. The number of 
MAST & *) aly | 
Alabama....___..| Aug. 15-Sept. 6 | 10| 40] 6,407| 1,518 | s33 | vehicles weighed was 53,311 or 52.0 percent of the civi- 
Kentucky __.--.--| June 20-July 19_ 10 141 | 6,023 | 1,516 | 608 | . 
Mississippi.......| Aug. 13-Sept. 6 | 15| 149/| 13,399 | 3172| 9,995 | lian trucks passing the stations. 
Tennessee _.-.--.-- July 23-Aug. 3_-_ | 10 | 9 | | 4,925 | 1, 509 | 553 | 
— | —__ | -——_ |__| TRENDS DETERMINED BY THE SUMMER WEIGHT SURVEY 
RLS, TS. | 45 339 | 30,754 | 7715 | 4,904 | 
West North Central: bot ee gee ee | The ratio of the numbers of the various types of 
Towa... -_.--.---- July 24-Aug. 6- 10 | 32) 5,902 | 1,269 1,218 | yehicles counted in the 1945 summer survey as com- 
Kansas__.........| Aug. 16-Aug. 30- 10 | 37 6,109 | 1,312 1, 210 : ( : : : 
Minnesota....--.-| Aug. 6-Aug. 24. 10; 10} 8.050! 1,603} 1259 | pared to the corresponding counts of 1944 are given in 

tcc il | | | | - ° + . 
ee / a8 | Bvat'| 1.593 ia, | table 5 for each region of the country and for the United 
North Dakota __- Aug. 2-Aug. 30__ 10 | | §&, 266 2, 092 1,435 | S § IS ni ‘| 1o Q 5 ere was ¢§ "Te Ce ar "On 
South Dakota_---.| July 30-Aug. 29__| 12 | 24 | 4,034 | 889 861 tate : I = - > 1945 th = large eran ral hy 

mens Mercer ——|———— | duction in military traffic and a recovery of civilian 

Subtotal______- 63 161 | 38,102 | 8,688 7,444 traffic F 


a overt Se) The increase in military traffic found in the 


a ae ee Bes Pee ee Mountain States was concentrated largely in Colorado 


Arkansas | July 23-Aug. a 8,185 | 2,593 1, 203 7 e 
Louisiana____- ...| July 23-Aug. 3_. 10 137 | 5,726] 1,555 945 and New Mexico. 
Oklahoma_- | Aug. 20-Aug. 31 | 10; 110| 9,826] 2,019 2,019 a - . . 
Texas.............| July30-Aug.24..| 18 | 252 | 18,453 | 4,117 3, 122 In table 6 is shown a comparison by census regions of 
| es ee wee * af . . . e 
adie eer ny G11 | 42.190 | 10, 284 zg | the estimated vehicle-miles traveled on all main rural 


\lidwest 


= = = = = | roads in 1941, 1944, and 1945 by all types of vehicles 
sectional | | R . 








pos RRR TNS 221 | 1,464 |191,348 | 41,489} 27,538 | and by trucks and truck combinations. This table 
hasisbiladins SSS =| shows the average carried loads and ton-mileage in 
Arizona.---...---.| July 16-July 27- 10 74) 4,471 | — 984 452 | each of the 3 years, and percentage relation between 
Colorado July 20-Aug. 3-- 10 199 | 10,631 | 2,132 638 | . : 
Idaho... Aug.6-Aug.29.| 13| 49| 7.577| 1.521| 1,283 | those years. 
Montana. _- Aug. l-Aug.28..| 20 40 | 8,224] 2,008 | 1,911 | a as . . . 
Nevada...) July31-Aug.14.-/ 10} 95 | 3,723 | "65 | 633. | The vehicle-mileage of trucks increased in all regions 
Veoh enco------| July 23-Aug,8..) 10) 196) 5.805) 1,481) 1,092 | from 1944 to 1945 and ton-mileage increased in all ex- 
Wyoming Aug. 1-Aug.14..| 10 | "47 | 3,790 | 796 | 717 | cept the East South Central region. For the country 
Subtotal... 83 | 700 | 44.221 | 9,587 6,72 | aS a whole the vehicle-mileage increase amounted to 
ails | sae ad CET ———= | 10 percent and the ton-mileage increase amounted to 
California Aug.2I-Sept.21 17 | 533 | 58,943 | 10,634 2,609 | 13 percent, there being a slight increase in the average 
Peper to a ae | | : ‘a= ° 
n,n | Sept. & Sept: 18. io | 358 | 14, 445 | “1,982 | ~~ 1,358 | W eight of the carried load. In the Pacific region the 
a a7 | a0 | 73,388 | 12, s66 | 4,022 | increase was 33 percent for vehicle-miles and 41 percent 
, SSS SSS SSS SS = for ton-miles, reflecting the greater activity in that 
est sectional sub- | | | : . ( 
total. mec 110 | 1,591 7, | 22,153 | 10.748 | Tegion during 1945 as war activities increased in the 
= sreceeres ‘ > ‘CC ‘ serie incaiais »9 shin ; . ™ 
United States total...| - “HI | 8,979 482, 702 |102, 508 | 53.311 Pacific. There was no significant change in the rela 
| 





tion between single-unit trucks and truck combinations 
except in the two western regions where there was an 


Survey not made. 
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TABLE 7.—Average maximum azle load of loaded trucks in the summer of 1945 and in corresponding periods of 1944 and 1942 and in 
the prewar years between 1936 and 1941 


(In pounds] 


All trucks and combinations 
Region . —_ 


Truck combinations 


1945 1944 1942 Prewar Prewar 945 1944 1942 Prewar 


New England - 10,005 | 10,221} 9,310 | 7, 647 
Middle Atlantic 11, 584 11,318 | 10, 865 | 7, 858 
South Atlantic , 9, 950 10, 246 | 9, 146 | , 488 
East North Central 11, 678 11,103 | 10,259 | , 290 
East South Central 9, 024 9,372 | 8, 325 7, 215 


14, 605 13, 951 
16,027 | 13, 551 
14, 416 11,8 1 
, 789 12, 090 
, ioe 8, 894 
, 560 11, 594 
, 050 &, 391 


1: 
2 1 
West North Central 9, 300 9, 218 &, 798 7, 593 7, 7, 167 7, }, 565 , 633 | ‘ I 
West South Central F 7, 673 ene 7,441 | 5, 868 5 5, 7$ 5, 422 § , 297 1: 
Mountain 8, 858 551 8, 225 », O51 1: 

1 


ROG 11, 284 
Pacific 9, 995 207 | 8, 980 


355 11,176 


United States average 10,017 9, 967 9, 160 13, 788 | 11, 449 


appreciable imerease in the usage of the heavier type heavier loads is shown in table 8. It will be noted that 
of vehicle. in each weight group for which data are included im the 

The comparison between the data for 1945, the last table there was an increase in the frequency of the 
year of the war, and these for 1941, the last prewar year, heavier loads, and that in each of the three cases the 
shows that truck vehicle-mileage dropped 22 percent frequency in 1945 was about five times the frequency 
and that the percentage of loaded vehicles decreased found in the original prewar survey. The highest 
from 66.7 to 55.1, but that notwithstanding this the frequency of heavy axle loads is found in the Middle 
ton-mileage hauled dropped only 14 percent. The Atlantic region with the second highest frequency in 
reason for the comparatively small drop in ton-mileage the New England area. Other regions are far behind 
was a 33 percent increase in the average weight of car- these two 
ried load, due largely to the increased proportion 
of heavy truck combinations in the total number of 
trucks. In 1941, 21.2 percent of the cargo vehicles on 
the road were combinations, and in 1945 this percentage 
had increased to 28.1. There was also some increase 
in the average weight of the load carried by both truck 
combinations and single-unit trucks. 


The frequency of heavy vehicles is sh@wn in table 9. 
It will be observed that the heavier units have become 
more frequent throughout the war and in 1945 were 
far more frequent than in the prewar period. For 
example, of each 1,000 trucks weighed in the survey made 
before the war only three were as heavy as 50,000 
pounds, while in 1945 the proportion of trucks this 
Pn OO et reas heavy amounted to twenty-three per 1,000. These 
FREQUENCY OF HEAVY LOADS INCREASED . ° . . - ‘ 
extremely heavy vehicles are found principally in the 
Table 7 shows the average maximum axle load of Pacific region, but are on the increase throughout the 
loaded vehicles in the summer of 1945 and in corres- | country. 
ponding periods of previous years when such data were 
collected. Axle loads in 1945 were substantially the — both the spacing of axles and the actual axle loads should 
same as in 1944 but were much heavier on the average be taken into account in determining the permissible 
than in prewar vears. For the United States as a gross load. The so-called gross load formula has been 
whole the average maximum axle load mereased from widely used to indicate permissible combinations of 
7,552 pounds in the prewar period to 10,017 m 1945. axle loads and spacings. The formula referred to is 
While the average maximum axle loads increased W=C (L+40) in which W is the total weight of the 
during the war, frequency of the heavier axle loads | vehicle in pounds, or the weight of an interior group 
also increased. The tmerease in the frequency of these — of axles, and L is the distance in feet between the first 


In limiting loads to prevent overstressing bridges 


TaBLE 8.—-Number of axle loads of 18,000, 20,000, and 22,000 r 9 \ , -aht - 30.000. 40.000 1 60.000 
pounds or more per 1,000 loaded and empty trucks and combina- pire’ MMIC GF QTOSE ENS GF Se, » AUTOU, GRE, OOo 
tions in the summers of 1945, 1944, 1942, and in the prewar pounds or more per 1,000 loaded and empty trucks and com- 
period between 1936 and 1941 binations in the summers of 1945, 1944, 1942, and tn the prewar 

pe riod between 1935 and 1941 


Number of heavy axle loads per 1,000 loaded and empty : 
trucks and combinations of Number of gross weights per 1,000 vehicles 


18,000 pounds or 20,000 pounds or 22,000 pounds or 30,000 pounds or 10,000 pounds or 50,000 pounds or 
more more more Region more more more 


1045 acs] ETO* laviee g49 Pre- 
1945/1944 1942 war 1945 1944/1942 war 


1945 1944 1942, PT 1945/1914 1942, PTE- | 1945) 1944 1942 to 1945 1944 1942, Pre- 


wa war Var wal 


w England 108) 65 
iddle Atlantic 9} 138) 91 
ith Atlantic } 64) 45 
“ast North Central__-- 2 48 
ast South Central : : 14 
st North Central__- = 29 
st South Central 25) 4 18 
fountain _-. 24| 
sifie..... eeecl 7; 62) 24 


New England 

Middle Atlantic 

South Atlantic 

East North Central 

East South Central 

West North Central. - 

West South Central 5g 

Mountain 76 5: 2 
Pacific 56) 17 55 97| 116) 109 


tor tO om CO OO tS 


United States av- | United State 
erage , 67 ) ‘ = ‘ : 5 5 average 


Less than 5 per 10,000 counted. SS thal 
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Number of trucks with values of C'' in the gross weight formula in excess of various values, per 1,009 loaded and empty tru 


and combinations in the summers of 1945, 1944, and 1942 


Number of trucks and combinations with values of C 


Region Over 650 


Over 700 


1945 | 1944 1942 | 1945 1944 

New England 33 35 21 18 18 | 

Middle Atlantic 56 48 35 33 31 | 
South Atlantic 20 22 9 9 10 
East North Central 48 33 26 37 23 
East South Central 5 5 2 1 | 3 
West North Central 21 13 9 13 6 
West South Central 9 10 6 3 3 
Mountain 45 34 41 34 25 
Pacific 135 87 140 112 74 
United States average 45 32 22 33 22 


! Derived from the gross load formula W=C (L-+-40) in which W is the total weight of the vehicle in pounds 


Over 750 Over 800 Over 850 Over 900 
1942 | 1945 | 1944 | 1942 | 1945 | 1944 | 1942 | 1945 | 1944 1942 1945 | 1944 | 19 
ll 9 8 5 + i 2 2 1 ] l ] 
23 18 20 13 9 1] s 5 4 4 2 2 2 
4 5 5 2 3 2 | l ] 0 l 2() 
16 28 15 1] 22 11 7 14 6 5 Ss 4 2 
1 20) 2() 20 2() 20 20 0 0 70 2) 
3 x 2 1 3 l 20 2 20 20) 1 20) 
3 1 l 2 ] 1 ] 20 1 l 20 0 
31 22 16 2 16 10 15 | 7 ll 6 3 s 
97 89 56 $2 59 33 54 22 Bt 21 8 } 
15 24 14 13 17 +) tal 8 3 4 4 1 


, or the weight of an interior group of axles, and Z is the d 


tance in feet between the first and last axle of the vehicle, or of any interior group of axles. 


? Less than 5 per 10,000. 


and last axle of the vehicle, or of any interior group of 
axles. (Cis a measure of the load concentration and it 
is generally thought that a value of C greater than 750 
° ° rly . y | 
is excessive. Thus the trend in the frequency of ¢ 
values above 750 may be used as an index of the trend 
in the practice of excessive loading. 

Table 10 gives the frequency of trucks and combina- 


— — 
( Referred 


APPENDIX.—SPECIFICATIONS FOR COTTON 


IN ROAD CONSTRUCTION 


FABRIC FOR USE 


Cotton fabric used for the reinforcement of bituminous surface 
treatments shall meet. the following specifications. 


GENERAL REQUIREMENTS OF THE FABRIC 


The fabrie for use in bituminous surface treatments shall be 
free from avoidable imperfections of manufacture or other 
defects which may affect its appearance or serviceability. 


RAW MATERIAL REQUIREMENTS 


The fabrie shall be made of raw cotton, cotton waste, or 
mixtures of raw cotton and cotton waste, from cotton grown 
and/or manufactured in the United States, of sufficient quality 
to obtain the fabric strength and other requirements of service- 
ability indicated herein. 


YARN REQUIREMENTS 


(a) Ply—the yarn shall be two-ply. 

(b) Twist—the twist in the two-ply yarn shall be such as to 
give what is known in the trade as a ‘“‘balanced twist.’’ 

(c) Sizing—no sizing shall be applied to the yarn. 

(d) Count and Strength—the varn shall have a count and 
strength sufficient to make a fabrie which will meet the specifi- 
cations, 

DETAILED REQUIREMENTS OF THE FABRIC 


(a) Weave—the weave shall be plain. 

(b) Sizing—no sizing shall be applied to the fabric. 

(c) Length of Rolls—a roll shall consist of a ‘‘cut’’ not shorter 
than 40 vards and not longer than 120 yards. 

(d) Construction, ete.—the thread count, weight, width, and 
breaking strength of the various types of fabrics shall be as shown 
in table 1, except as noted in the tolerances. 


TOLERANCES 


(a) Thread Count—a total plus or minus tolerance of two 
threads per 5 inches in a combination of warp and filling will 
be permitted. 

(b) Width—a tolerance of plus or minus 1 inch from the width 
specified will be permitted. 

(c) Breaking Strength—the combined strength of the warp 
and filling in the fabric shall equal or exceed the combined 


Tro 





‘ 


tions with various values of C in 1945, 1944, and 1942. 
Heavier load concentrations were most frequent in 
the Pacific region with the Middle Atlantic region 
second. There was a steady increase in the frequency of 
heavy load concentration and in each of the six groups 
shown in the table the heavy concentrations were 
approximately twice as frequent in 1945 as in 1942. 


np 
TABLE 1.-—Construction specifications for cotton fabric for use 
road construction 
a we Minimum averag 
Weight oe = breaking strengt! 
Sieakovenites _ per Width (grab method 
squar¢ 
vard 
Warp Filling Warp Filling 
Ounces Tnches Pounds Pounds 
A-1 5. 30 12 12 v0 45 i 
A-2 5. 30 12 12 82 15 } 
A-3 5. 30 12 12 74 15 1 
B-1 4. 25 9 i) 90 35 
B-2 4.25 9 9 §2 35 
B-3 4.25 +] 9 74 35 
C-1 3. 20 7 7 90 25 
C-2 3. 20 7 7 82 25 
C-3 3. 20 7 7 74 25 
The widths of 74, 82, and 90 inches are intended for use in surfaces 18, 20, and 22 


feet wide, respectively, thus providing that the surface will be covered with thre« 
trips of fabrie with laps of approximately 3 inches. 


strength of these elements given in the above table and neithe: 
element shall be more than 10 pereent under the requirements. 

(d) Weight—a tolerance of plus or minus 5 percent will be 
permitted. 


METHODS OF SAMPLING AND TESTING 


a) Sampling—not less than one sample, at least 1 yard 
length and the full width of the fabric, shall be taken at randon 
from each 1,000 yards or fraction thereof, except when the ship- 
ment is over 10,000 vards, in which case at least one sample sha! 
be taken from each one-tenth of the shipment. 

(b) Testing—Federal Specification CCC-—T-191, Textil 
Test Methods, of the issue in effeet on date of invitation for bids, 
wherever practicable, shall be followed. 


PACKING AND MARKING 
(a) Packing——the fabrie shall be shipped in rolls not to excecd 
120 vards per roll and shall be covered with material so as 
instire acceptance by common or other carrier, for safe transpor 
tation, at the lowest rate, to the point of delivery. 

(b) Marking—unless otherwise specified, shipping containers 
shall be marked with the name of the material, the style, tle 
width, the quantity contained therein, the name of the contrac- 
tor, and the number of the order. 


O 





